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The objectives of a two year study were to document the degree 
of treatment provided by the septic system, vadose zone and dilu­
tion provided by the underlying aquifer and to determine if local 
regulations were adequate to protect public health based on study 
results. 
Two six year old septic systems were instrumented with soil wa­
ter samplers. Samplers were placed directly below the drainfield, 
above the water table, and at control sites. Septic tanks were 
accessed. Monitoring wells were placed directly beneath the drain-
field, down gradient, and at control sites. Water samples were 
collected periodically from 1984 to 1986 and tested for orthophos-
phate, nitrate, nitrite and ammonia, conductivity, sodium, chlor­
ide, common and trace metals, and fecal coliforms. Water meters 
indicated quantitative inputs of irrigation and domestic waters. 
Ground water flow direction was interpreted from water table maps. 
Water table varied between 8. 5 to 15 feet below ground level. 
The septic systems received an approximate daily load of 200 gal­
lons of household effluent. The septic systems and the vadose 
soils below the drainfields did not provide statistically signifi­
cant reduction in effluent constituents tested. Effluent appeared 
to enter the vadose zone near the beginning of the drainfield sys­
tems, indicating that most of the 240 feet of drainfield was not 
utilized. The highly transmissive aquifer dispersed dissolved 
constituents to below Environmental Protection Agency limits with­
in 50 feet of input. Nitrogen loading to the aquifer was between 
12 and 34 pounds per year, and phosphorus loading was between 4 
and 12 pounds per year. The persistence of septic system derived 
fecal coliforms and presence of the amphipod Stygobromus tritus 
Holsinger in the aquifer demonstrated the occurrence of large void 
spaces in aquifer substrates. This implies that adequate filtra­
tion of waterborne disease organisms is improbable. Recommenda­
tions included revising percolation test procedures to correlate 
tests with soils involved in treatment, use of alternative domes­
tic waste methods, virus testing of wells to document extent of 
direct health threat, and development of an aquifer management 
plan. 
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Chapter 1 
The Problem 
Classic sewage disposal methods assume the presence of soils that 
provide effective treatment by removal or reduction of sewage effluent 
constituents. However, valley soils in the northwest, especially in 
areas where thin soils are underlain by coarse alluvial sand and gravel, 
show an apparent inability to reduce nutrient and biological loads to 
levels which protect ground water. These soils allow rapid movement of 
the effluent directly into the underlying aquifer, thus creating a 
potential threat to public health. 
From 1984 to 1986 the Missoula City-County Health Department and the 
Montana Water Resources Research Center funded a study of septic 
system operation. These agencies were interested in documenting the 
impacts which systems located in sand and gravel have on ground water, 
and evaluate the appropriateness of existing regulations in light of 
study findings. Although this study examines conditions in Montana, 
findings are applicable to other northwest states with septic systems 
installed in similar soils. 
This chapter will focus first on study objectives and hypothesis, then 
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examine the evidence pointing to the need for this study. A brief 
discussion of assumptions inherent in the regulatory structure is 
included in Appendix A. 
Research Objectives 
Ground water in areas of the northwest including Montana are 
contaminated with fecal coliform, nitrates, and other constituents 
attributed to septic effluent. The direct link of these constituents to 
septic systems has not been demonstrated in Montana, nor has the 
degree of contribution to ground water degradation been established, 
nor the ability of the local ground water flow system to disperse these 
constituents been quantified. Regulatory agencies recognize that 
problems exist, but due to the lack of scientific evidence, are unable to 
recommend regulatory changes which would more adequately address the 
perceived problems. Thus, the following objectives are the foci of this 
study: 
1. To document the loading rates of two septic systems. 
2. To document the concentrations of and relationships between 
constituents in the septic tank, drainfield, vadose zone beneath 
the drainfield and in the underlying unconfined aquifer. 
3. To attempt to document the dispersion properties of the valley fill 
material and the degree of attenuation of nitrates, 
orthophosphates, ammonia, chlorides, sodium, conductivity and fecal 
coliform in the unsaturated zone beneath the drainfields and in the 
ground water system. 
4. To establish a mass balance input—output equation to predict the 
effect of septic system operation on the ground water system. 
5. To evaluate current septic system regulations in relation to study 
findings. 
The Null Hxfiothesis 
No significant degradation of ground water results from disposal of 
effluents using individual septic systems where: 1) soil percolation rates 
are within those accepted for septic system installation (for this study, 
5 to 10 minutes per inch); 2) ground water is at least four feet below 
the drainfield; and 3) effluent disposal rates are equal to or less than 
600 gallons per acre per day as stated in Regulation No. 1, Missoula 
City-County Health Department's Subsurface Sewage Treatment and 
Disposal Systems. 
Evidence For Asking the Question 
Evidence of the need for regulation revisions abound in the northwest 
as the number of contamination episodes increase. Esveldt (1984) and 
Lustig (1984), in cooperation with the Army Corps of Engineers, 
Environmental Protection Agency, U.S. Geological Survey, the Idaho 
Panhandle Health District and Spokane County, Washington, participated in 
a ten year study of ground water quality in the Spokane--Rathdrum 
Aquifer System. They documented that bacterial contamination and 
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chemical degradation has increased over that time period, especially in 
areas of heavy development where individual septic systems are used. 
It is interesting that these results were found even where the water 
table was 140 feet below ground surface. DeWalle et §1.(1980) found 
that Pierce County, Washington wells in unsewered areas showed 
statistically higher levels of nitrates and coliform bacteria. 
In Montana, studies of a more limited nature have been sponsored by 
the Department of Health and Environmental Science and the 
Environmental Protection Agency. In an effort to find whether existing 
state regulations were adequately protecting aquifers from degradation, 
Peavy et §1.(1980) instrumented five subdivisions of varying development 
densities with wells above and below the areas of interest. No 
significant difference in water quality was found, so the researchers 
concluded that regulations were adequate. In a second study 
conducted near Bozeman, Peavy (1978) found that two monitoring wells did 
contain nitrates above EPA standards. However, he concluded, based on 
other parameter results and the dilution potential of the aquifer, that 
septic tank effluents would not cause a severe problem in the ground 
water flowing beneath the systems unless development continued. In a 
study conducted in the developed area of Evergreen near Kalispell, 
Montana, Spratt (1980) found that there was a decided increase in 
nitrates as ground water moved through the area in which individual 
septic systems were used. Juday and Keller (1978) sampled a large 
number of Missoula Valley wells and found that nitrate nitrogen was 
present in elevated amounts of greater than one part per million in 
some wells. EPA recommended drinking water standards of ten mg/L. 
were exceeded in a few of these wells. These well3 were also located 
in areas where individual septic systems are used. Newman (I960) 
redocumented these data, and stated that septic systems could be a 
possible source. There are numerous other episodes or continuing 
water quality problems which could be attributed to individual septic 
system use (Newman, 1982, 1983; Kikkert, 1982; State of Montana Water 
Quality Bureau, 1980, 1982; Botz and Gartner, 1978). Elaine Bild of the 
Missoula City-County Health Department has indicated that a growing 
number of wells contaminated with bacteria and/or nitrates are showing 
up in Western Montana counties, and it is suspected that the 
contamination is from septic systems (personal communication, 1984). A 
widespread belief in Missoula County is that, despite the clustered 
nature of some well contamination events, the contamination is due to 
problems with well construction rather than overall aquifer degradation 
possibly derived from septic system effluents. No documentation exists 
in Missoula County to either verify or disprove this statement. 
Summary 
Despite the best efforts by regulatory agencies to prevent ground 
water contamination apparently derived from septic systems located in 
porous soils, problems continue to occur. The main reason for this is 
due to the lack of in situ information concerning the treatment ability 
of the underlying soils, which would allow regulation to be based on fact 
rather than conjecture, which is the case at present. This study is 
designed to provide qualitative and quantitative evidence so that 
existing regulations can be evaluated more effectively. If needed, new 
regulations which address the problem can be formulated which are based 
on empirical evidence rather than the traditional hit-and-miss approach 
so common in the past. 
A description of septic system operation is presented in Chapter 2. 
Chapter 3 deals with the setting of this project within the Missoula 
Valley, i.e. geological features, history, climate, and past research which 
relates to this study. Methods of site selection, instrumentation of 
the sites, field and laboratory procedures used for analyses of water 
samples will be dealt with in Chapter 4. Chapter 5 contains the results 
of this study. In Chapter 6, the first four objectives will be 
addressed. Study conclusions will be presented and discussed in 
Chapter 7. Chapter Q will evaluate current regulations based on study 
findings and recommend changes where needed. 
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Chapter 2 
The Literature Review: Septic System Operation 
Much research has been done in the last fifteen years concerning the 
operation of septic systems. Herein is discussed the physical 
mechanics of their workings and the traditionally understood chemical 
and biological processes which function in effluent treatment pertinent 
to this study. Other information and recent research, particularly 
that related to biochemical aspects associated with systems located in 
sand and gravel soils, will be summarized from Appendix B. 
The Physical Mechanics 
The traditional septic tank—soil adsorption system consists of a 
septic tank generally holding 1000 to 1500 gallons of waste, and a 
drainfield (Figure 1). The soil below the drainfield should also be 
considered as an integral part of the treatment process. 
The septic tank provides primary treatment for wastes entering from 
the residence. Wastewater solids settle to the tank bottom as the 
rate of entering waste water movement slows, thus preventing the solids 
from moving into the drainfield where clogging of the system could 
result. Greases and other floatable components collect on the surface 
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FIGURE 1.--Typical On-site Septic Svstem 
of waste waters held by the tank, and are prevented from traveling out 
into the drainfield by a baffle system in the tank. Premature movement 
of these components could clog the drainfield. The liquid fraction 
moves through the tank, generally flowing into the drainfield as new 
effluent is added from the residence. EPA requires that the tank must 
provide liquid volume sufficient for a 24 hour fluid retention time at 
maximum sludge depth and scum accumulation. 
Once the liquid fraction leaves the septic tank, it flows via gravity 
(unless pumped) through solid pipes (PVC is widely used in modern 
installations) until it encounters the perforated sections of pipe. 
There, the effluent seeps out into a coarse sand and/or gravel bed, 
ultimately traveling into the surrounding native soil or fill materials. 
Some of it remains as soil water, some evaporates and moves into the 
atmosphere or is absorbed by plants and transpired, and the remainder 
moves downward into the ground water. 
Solid materials remaining in the septic tank either slowly dissolve by 
bacterial or chemical action into the liquid fraction and are ultimately 
carried out into the drainfield, or accumulate on the bottom of the 
tank. Health officials therefore recommend septic tank pumping to 
remove the sediments every three to five years. 
The Chemical/Biological Conversion Processes 
Recent research has focused on the chemical and biological processes 
occurring in septic systems and the resulting effects on water 
quality. In the past, this type of system was considered to be 
successful as long as effluent remained underground and did not back up 
into the residence due to drainfield clogging or inability of soils to 
adsorb the effluent at the required rate. However, there is a growing 
body of field and laboratory research which indicates that chemical and 
biological treatment may not be adequate to protect human and 
environmental health under certain types of soil regimes. 
Some authors have identified the chemical and biological makeup of 
effluent found in a typical septic tank. Data are given in Table 1."' 
Since anaerobic conditions exist in septic tanks, chemical species are 
found in a reduced condition. 
Once the liquid effluent reaches the drainfield, a number of 
environmental factors affect treatment. One of the most important is 
contact with a black slime layer known as the 'biological mat' found at 
the interface of drainfield and soil. This mat is made up of soil 
microorganisms including bacteria, fungi, protozoans, worms, etc. and 
organic materials. It reduces the movement of effluent into the soil, 
supposedly ensuring that aerobic conditions will prevail, since 
unsaturated flow conditions should exist below the drainfield. This 
reduction in hydraulic conductivity is thought to force the effluent to 
spread throughout the drainfield, with the result that the entire 
drainfield area is eventually used for effluent infiltration. There is 
thus more effluent--soil contact, and more efficiency of treatment. 
Treatment of effluent by the septic system as traditionally 
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TABLE 1.--Summary of Effluent Quality 
Mean, 95 V. Confidence Range, Reference 
mg/L. Interval mg/L. 
Total Dissolved Solids 350 -- 1200 a 
Total Organic Carbon 100 -- 300 a 
Total Nitrogen, N 45 41 - 49 9 • - 125 b 
Nitrate N . 4 <. 1 .9 <. 1 -- . 9 b 
Ammonia N 31 28 - 34 . 1 -- 91 b 
Total Phosphorus, P 13 12 - 14 . 7 -- 99 b 
Orthophosphorus P 11 10 - 12 3 -- 20 b 
Chloride 37 -- 100 c 
Boron . 1 -- . 4 d 
Sodium 40 -- 70 d 
Potassium 7 -- 15 d 
Magnesium 3 -- 6 d 
Calcium 6 -- 16 d 
Sulfate 15 -- 30 d 
Alkalinity (as CAC03) 100 -- 150 d 
Sodium 75 71 -- 78 e 
Zinc . 45 . 35 -- . 53 e 
Lead . 03 . 02 -  . 04 e 
Copper . 17 . 14 -- . 20 e 
Iron . 46 . 19 -- . 64 e 
Mean, 95 7. Confidence 
#/100 ml. Interval 
#/100 ml. 
6 6 7 
Fecal Coliform 5 . 0x10 2. 5x10 1x10 a 
Enteric Viruses (PFU/L. ) 32 • - 7000 f 
References: 
a Metcalf and Eddy, Inc., 1972 
b from seven septic tanks (University of Wisconsin, 1978) 
c Peavey, 1978 
d normal range of mineral pickup in sewage (EPA, 1975) 
e Winneberger, 1975 
f Siegrist, 1977 
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understood is presented below for major components of the effluent 
pertinent to this study. Other information and new research findings 
related to functioning of the septic system under regimes similar to 
that in which this investigation is being made are presented in Appendix 
B. 
IQ2£9§D^£§ 
Nitrggen 
Nitrogen found in septic system leachates originate primarily from 
human urine. Walker et al. (1973a), documented that, under the 
reducing conditions found in a septic tank, 80 of the total introduced 
nitrogen exists in the form of ammonia ion, NH3+. Organic forms of 
nitrogen also are found but these amounts are considerably less, making 
up 20 '/. of the total. These eventually convert to inorganic forms 
through the action of microorganisms. 
In the oxygen rich environment of the drainfield and/or soil, rapid 
bioconversion proceeds from ammonia to nitrite (N02-) and then to 
nitrate (N03-). Denitrification occurs to nitrogen gas (N2) where a 
carbon energy source and oxygen deficient environment is encountered, 
conditions unlikely in sandy soils. Thus, according to Sikora and Keeny 
(1975), virtually all nitrogen introduced to the septic tank from the 
residence will eventually be converted to nitrate and move with the 
prevailing infiltrating water. Dilution by ground water becomes the 
only means of treatment to ensure that nitrate levels remain below 
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those required to maintain safe drinking water. 
The Environmental Protection Agency has set an upper limit of 10 
mg/L. nitrate nitrogen (equal to 45 mg/L. nitrate) on drinking water 
supplies. Children under the age of six months and livestock are 
unable to metabolize nitrates to non-damaging forms, which results in 
the development of methemoglobinemia, a condition in which blood cells 
are unable to take up oxygen properly. This is not a problem as the 
human digestive system matures. High concentrations do cause 
diarrhea. 
Phosphorus 
Effluent phosphorus originates primarily from detergents and human 
waste products. Most phosphorus forms are converted to soluble 
orthophosphate in the septic tank. Orthophosphate passes through the 
drainfield in this form and enters the soil environment. It complexes 
with soil compounds containing iron or aluminum in neutral to acid 
systems, and calcium in alkaline ones, forming stable precipitates. It 
also adsorbs on mineral surfaces of soils. Traditional understanding is 
that phosphorus is relatively immobile after contact with soils below the 
drainfield. 
Phosphorus addition to ground water eventually reachs discharge 
areas in lakes and streams. Phosphorus is rapidly taken up by aquatic 
organisms and adds to problems of eutrophication and growth of 
undesirable species in those systems. 
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Metals and Other Cations 
Cations refer to those chemical species which carry a positive charge 
in uncombined form. Some cations added via effluents to septic systems 
are adsorbed to organics found in the biological mat or soil system 
below the drainfield, or are taken up by the soil exchange sites. The 
ability of soils to take up cations is measured by the cation exchange 
capacity (after this abbreviated as CEC), which is greater in fine soils 
containing clays and organics. Sands and gravels have very low CEC 
values. Chemical precipitation may remove some as well. The cation 
sodium is commonly used as an effluent tracer in ground water 
studies. 
The U.S. EPA (1980b) has set drinking water standards for a number of 
cations including arsenic, barium, cadmium, chromium, lead, mercury, 
selenium, and silver. These are listed in Appendix B. Lehr et al. in 
Bitton and Gerba, eds. (1985) caution that 
"the EPA Primary Drinking Water Standards apply only to 
public water supply systems, or those which supply water to 
25 or more people, or have 15 or more service connections, 
whether the source of supply is surface or ground water. 
The standards do not apply to single-family private water 
systems, the majority of which are wells taping ground water." 
It is up to state or local governments to adopt these standards for 
this particular case. 
Anions 
Anions are those components of effluent which are negatively charged 
in the species form. Anions commonly found in effluents are ions of 
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sulfate, chloride, nitrate, fluoride, and so on. Some anions may be 
removed by microbial requirements for growth, or adsorbed on anion 
exchange sites of soils (generally not as plentiful as cation exchange 
sites). Some may remain as salts and accumulate in the soil column 
where evaporation of effluent water minimizes water movement to the 
ground water system. Most anions are carried with the water front into 
the ground water, where dilution occur®. Insoluble anions are 
trapped by the mat or precipitate out in soils below the drainfield 
until converted to soluble forms. Chloride, like sodium, is highly 
soluble and thus is also used to trace effluent plumes in ground water. 
Canter and Knox (1985) state that excessive concentrations of 
inorganic constituents in ground water may cause undesirable health 
consequences ranging from laxative effects to cardiovascular and renal 
disease. U.S. EPA (1980b) has set a maximum allowable drinking water 
standard for fluoride. Overconsumption results in fluorosis. 
Microorganisms 
Bacteria 
According to EPA (1977), bacteria which are not native to ground 
water systems are introduced primarily through sanitary disposal 
activities including land disposal of sewage effluents and sludge, or 
septic tank systems. Traditional understanding is that bacteria are 
filtered out of the percolating effluent by the vadose zone, so that none 
reach the aquifer. 
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Health problems arise when ground waters containing some threshold 
number of pathogenic bacteria are ingested. The source of 
contaminated water is invariably from untreated ground water supplies. 
Those organisms that may be present in sewage are listed in Appendix B. 
EPA standards for biological contamination rely on Escherichia coli as an 
indicator for other organisms. Their upper limit is one organism per 
100 ml. of water. 
Viruses 
Introduction and mode of transport for viruses are much the same as 
for bacteria. See discussion above and in Appendix B. There are 
currently no standards for viruses in drinking water. The bacterium E. 
coli is used as an indicator of microbiological contamination, including 
viruses. 
Appendix B discusses some of the problems inherent in using £. coli as 
an indicator for the presence of viruses in potable waters. Bacteria 
are removed chiefly through filtration by the biomat or the vadose zone, 
whereas viruses are removed via adsorption since they are charged 
particles. Filtration does not influence viral reductions as readily 
since viruses are considerably smaller as a class than are bacteria. 
Viruses may remain viable for months to years under temperature 
extremes, whereas bacteria die off within a month or two of introduction 
to aquifers. Virus plaques are infective at much lower numbers 
ingested than are bacteria. Many researchers feel that there are too 
many differences between bacteria and viruses to generalize concerning 
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the presence of waterborne pathogens based on the occurrence of E. 
ooli alone. Also, researchers feel that many past unexplained 
waterborne disease outbreaks can be attributed to virus contamination, 
even when coliform were not present. 
Summary of Septic System Capabilities for Handling Effluent 
in Sandy Soil Regimes from Appendix B 
The main problem which occurs in using sandy or coarser soils for 
treatment of the dissolved or entrained portion of the waste revolves 
around the generally low cation and anion exchange capacity of those 
soils. This results in a limited capacity of the soils to adsorb 
charged constituents of effluent. Also, the relatively large 
interstitial pore spaces allow rapid movement of effluent through the 
soil and does not provide effective filtration. 
Soils with low CECs are minimally capable of adsorbing phosphates, 
ammonia, viruses, metals and organics. Where some adsorption does 
occur, further additions can result in release of held forms and 
eventual break-through to the water table as exchange sites are filled 
\. up. Biological mats may slow the movement of effluent through the soil 
so that greater contact times will allow more complete adsorption, as 
well as spreading the effluent along a drainfield arm so that saturated 
flows in soils are minimized. Some research suggests that the action 
of the biological mat may not be able to compensate totally for low CECs 
in coarser soils. 
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Where pore spaces are large and continuous to the water table, rapid 
movement of effluent causes wash-through of bacteria, viruses and other 
effluent constituents under saturated or near saturated conditions. 
Recent concern in this area has particularly focused on movement of 
viruses, especially in light of the fact that bacterial indicators are no 
longer considered reliable in predicting the presence of viral 
contaminants. Filtering under such conditions can be somewhat 
enhanced by ensuring minimal flow rates which provide maximum contact 
with soil grain sites. 
This study was designed to investigate in situ septic systems 
constructed in coarse soils to examine effluent movement and determine 
if a problem with treatment of effluents exists in Missoula Valley. In 
Chapter 3, a survey of the physical setting of the study and summary 
of previous research done in the area is presented. 
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Chapter 3 
The Physical Setting and Previous Work 
The sites selected for this study mirror conditions found in gravel 
and sand soils in the Missoula Valley and throughout the northwest. In 
this chapter, the climate, geological setting and soils, and the 
hydrogeological setting of the study area will be reviewed, followed by a 
synopsis of previous water quality research. The rationale for 
selection of the specific study sites, general site description and 
sampling constituents will also be discussed. 
This study was conducted in the Orchard Homes--Target Range area of 
the Missoula Valley. See Figure 2 for the general location. 
Climate 
Geldon (1979) reports that Missoula receives average annual 
precipitation of 12 to 15 inches. Evaporation and transpiration 
prevent most added water from entering the unconfined ground water 
system. 100 per cent of precipitation reaches the water table in 
January and February, but during the rest of the year, 88 per cent 
evapotranspires. Average total additions to ground water from 
precipitation is about 3.5 inches. From April through October, no 
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precipitation reaches the water table. Rather, ground water additions 
during these months are from excess irrigation inputs. 
Temperatures in January average 22.7 degrees F. In July, average 
temperature is 71.8 degrees F. 
Precipitation and temperature data obtained at the Missoula County 
Airport (Johnson Bell Field) for the period of time covering this study 
are presented in Appendix C. The airport is approximately 4 air miles 
north northwest of the sites under investigation. 
Geological Setting and Soils 
Missoula Valley geology has been reviewed by Geldon (1979), Geldon and 
Curry (1979) and McMurtrey et al.(1965). 
In his investigation, Geldon (1979) says of the soils in the study area 
that 
"The alluvial deposits consist of water-bearing brown, beige, 
and pink silt, sand and gravel, which are typically well-sorted 
within individual layers. The older terrace alluvium is 
capped with a layer of brown cobbly gravel, which thins 
westward from the east side of the basin". 
He states that the younger terrace alluvium along the rivers is as much 
as 40 feet thick, while the older terrace alluvium may reach 90 feet 
deep. 
The Missoula Office of the U.S. Soil Conservation Service has mapped 
the Grantsdale Loam soils in the area of study. Their description is 
presented in Appendix D, soils map in Figure 3, and soil profile in Figure 
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4. Note that, from recommendations developed for different uses of soils, 
SCS has rated Grantsdale Loam as severe for use with septic tank 
absorption fields. This soil type provides poor filtering capacity. 
Stark and Bodmer (1978) surveyed soils within the Missoula Basin 
during the Missoula Valley Water Quality Study. Many sand and gravel 
soils within the valley which have high percolation rates are overlying 
the highly transmissible aquifer supplying water to domestic wells. The 
authors warned that "These are potential areas of major pollution and 
ground water contamination. These areas should not be subjected to 
heavy chemical additions of any type". 
dXdrogeglogical Setting 
McMurtrey et al. (1965) and Clark (1986) indicate that ground water in 
the area of this study is derived from an unconfined sand and gravel 
aquifer. Sand and gravel extend from 100 to 150 feet below land 
surface. Saturated thickness ranges from about 50 to 100 feet. The 
V aquifer is mainly recharged by the Clark Fork River which enters the 
valley through Hellgate Canyon. Ground water infiltrates from the river 
and flows southwest to the Bitterroot River where ground water 
discharges to the riverine system. The Bitterroot then converges with 
the Clark Fork at the northwest end of Orchard Homes—Target Range, 
where the river continues out of the valley in a northwesterly direction 
(Figure 2). River discharge at a USGS stage recorder on the Clark Fork 
River is presented in Appendix C. 
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Geldon (1979) reports that hydraulic conductivity in this aquifer may 
range between 2 to 6000 feet per day. Clark (19Q6) proposed a 
conductivity of 1400 feet per day for the valley based on aquifer tests 
which he conducted. Freeze and Cherry (1979) give a range of 10 to 
200,000 feet per day for hydraulic conductivities in clean sands and 
gravels. 
Geldon reports a ground water velocity of 6.2 feet per day for the 
valley aquifer. Calculation based on Clark's estimated hydraulic 
conductivity value of 1400 feet per day, porosity of 0.19 and gradient 
of 15.3 feet per mile yields a velocity of 21.4 feet per day. 
Geldon states that ground water levels are at minimum elevation 
around the first half of April, and at the highest point the first half 
of June. The rise in June is a result of increased recharge from spring 
snow melt run-off. From June through March, recharge from the Clark 
Fork declines with river stage and a water table drop results. 
Precipitation is not believed to be a significant component of recharge 
until snow melt in the area. 
Geldon (1979) and Newman (1980) indicate that ground water in the 
Orchard Homes--Target Range area generally trends in a south 
southwesterly to westerly direction. Clark (1986) recently mapped the 
potentiometric surface within the valley. The maps are presented in 
Figure 5. Interested persons should refer to his work concerning 
variations with time of infiltration rates of Clark Fork River water into 
the aquifer. 
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Water Quality 
Previous surveys of water quality have been made in the study 
area. Juday and Keller (1978) tested potable wells in tlissoula County 
during various months in 1978, including a number in the vicinity of the 
present study area. Conclusions from their work were that nitrate 
levels were above the estimated base-line level for ground water free 
from pollution, indicating evidence for some contamination from septic 
sources. However, they found water quality to be generally high by 
EPA standards for the parameters analyzed and pollution levels were 
not rising rapidly. 
Newman (1980) followed up on Juday and Keller's 1978 study in July and 
August of 1979 in that same area. He found that results essentially 
agreed with those of Juday and Keller. Also, there was no apparent 
pattern of contamination concentrations with depth. 
Clark (1986) investigated nutrient concentrations in 14 wells in the 
Orchard Homes--Target Range area as part of his Missoula aquifer water 
quality study in February of 1986. He concluded that, although there 
was some indication of contamination in areas served by on-site septic 
systems, including elevated nitrates, the valley has overall good water 
quality based on guidelines from the Drinking Water Standards for 
ground water (WQB, 1982). He also ran analyses for trace metals. All 
of these were below the selected detection limits. 
Data from these three studies are summarized in Table 2. Taylor and 
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Neher (1978) evaluated the bacteriological quality of surface and ground 
waters in Missoula County. Although they did not find that wells 
contained fecal coliform counts, 28 of the 104 tested were contaminated 
with total conforms. The majority of these wells were located near the 
Clark Fork or Bitterroot Rivers. 
Kicklighter and Stanford (1985) recently investigated riverine 
community metabolism in the Clark Fork River. During the course of their 
work, questions concerning the origin of high background levels of 
nitrates and phosphates occurring in Bitterroot River water adjacent to 
the Orchard Homes--Target Range area caused them to sample for 
TABLE 2.--Summary of Potable Well Water Quality from 
the Orchard Homes — Target Range Area, Missoula, MT 
S04 CI N03-N P04-P Si02 Ca Mg Na K TDS 
in mg/L. 
Mean 28.1 4.4 0.86 0.019 14.1 44.2 16.2 7.6 2.6 312 
Std. D. 3.6 1.1 0.16 0.008 0.6 1.8 0. 1 0. 3 0. 2 8 
High 59.0 16.1 2.07 0.133 24.7 55.2 24.0 20.0 3.8 373 
Low 4.9 1.8 0.10 0.002 9.5 22.7 8.8 5.5 1.6 186 
Sample size, n = 67 wells (after Juday and Keller, 1978) 
Mean 29.7 4.4 1.04 0.037 * 48.7 13.4 7.1 1.9 
2.9 1.2 1.9 0.6 
55. 5 19. 1 11. 5 5. 9 
40.2 10.3 5.1 1.3 
Std. D. 3.0 1.8 0.43 0.045 
High 43.0 11.9 16.70 0.310 
Low 26.0 1.6 0.41 0.011 
Sample size, n = 50 (after Newman, 1980) 
• Not included in Newman's analyses 
Mean 26. 2 4.0 0.63 * * 43.8 12.8 7.0 2.0 282 
2.8 1.4 0.6 0.4 28 
47.3 14.8 8.4 3.1 310 
36.3 10.6 6.2 1.2 236 
Std. D. 5. 3 0. 8 0. 36 
High 34.8 5.6 1.42 
Low 12.1 2.1 0.15 
Sample size, n = 14 (after Clark, 1986) 
» Not included in Clark's analyses 
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nitrates on sites along the Clark Fork and the Bitterroot Rivers in this 
area in September 1985. They state that 
"Nitrate data confirmed the contribution of nitrates to the 
Bitterroot and Clark Fork Rivers by ground water. We found 
two ground water seeps in the 'backwaters' of the Bitterroot 
River at Fort Missoula and the McClay Bridge sampling sites. 
Water taken from these seeps were found to have nitrate 
concentrations at least 10 times the nitrate concentrations 
of the Bitterroot River. These results supported earlier 
studies which reported 'elevated' nitrate concentrations for 
the ground water under the city of Missoula (Juday and 
Keller, 1978) and for ground water throughout the Missoula 
Valley (Newman, 1980)". 
The Fort Missoula seep contained 1.34 mg/L. nitrate-nitrogen and the 
Maclay Bridge seep, 1.51. Bitterroot River concentration level before 
water intersected the Orchard Homes--Target Range border was .01. In 
the seep area, the river contained .2 mg/L. High inputs to the 
Bitterroot River could be derived from non-point sources which 
introduce nitrates to the ground water as it passes under the Orchard 
Homes--Target Range area, including those from septic system 
additions. This hypothesis is supported by the fact that nitrate 
levels in the Clark Fork River above Orchard Homes was below detection, 
so the water entering the aquifer system above that area was 
relatively uncontaminated as well (Figure 6). 
The Study Setting and Rationale for Selection 
Site selection was undertaken with the following factors in mind: 
1. Septic systems were legally installed per Missoula City--County 
Health Dept. Regulation No. 1, 
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2. there was geologic, hydrologic and septic system design information 
available for the area, 
3. the soil type in the area was dominant, 
4. household size was such that effluent generation would be 
expected to be as near 600 gallons per acre per day as possible, 
5. drainfield size was that required to meet legal standards for the 
residence size, and 
6. a system age of five to six years was chosen to ensure that 
operation would be typical of that found in established systems. 
To that end, Missoula City-County Health Department records from 
1967 to 1982 were surveyed to identify system sizes and ages in four 
county areas served by individual septic systems. See Appendix E for 
the results of this survey. Soils information was obtained from the local 
Soil Conservation Service office. Homeowners were contacted for 
information on household size after other prerequisites for selection 
were satisfied. 
Through a process of elimination, site selection was narrowed to the 
Orchard Homes--Target Range area. Two homeowners on adjacent 
properties in a subdivision having a community well supply as the source 
of potable water agreed to cooperate in this study. Sites were sought 
where there were three or more household members so that septic 
system inputs would be as close to 600 gallons per acre per day loading 
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as possible. The initial household sizes were, for Site T, 4 persons 
and for Site H, 2 persons. Although the second household size did not 
meet the initial criterion, the advantage of being able to work with 
adjacent systems, and the thought that a variation in loading would 
prove instructional caused its selection. 
Lot sizes for the two homes were, for Site T, 0.806 acre, and, for 
Site H, 0.804 acre (Figure 7). The drainfield on Site H was 240 feet long, 
and on Site T, 200 feet long. Each was fed by a 1,000 gallon septic 
tank. Neither home used a water softener. Health Department 
records for percolation test results reported by the developer 
indicated rates to be 5 to 10 minutes per inch for seven holes through 
the proposed drainfield areas in the subdivision. The Health 
Department monitored depth to water in two wells for May and June in 
1979. Highest ground water level measured in one of the holes on June 
19 was 6 feet 6 inches below land surface, so the subdivision was 
approved for drainfield installation. The septic system for Site T was 
installed in September 1979, and that on Site H in August of 1980. It 
should be noted at this point that, at the time that these two systems 
were installed, Missoula Health Department Regulation No. 1 did not 
specify exclusionary or modifying conditions for septic system 
inastallation in soils having fast percolation rates. However, even if 
these systems had been installed under the current 1986 regulations, 
installation would not have been disapproved as the percolation rates 
reported by the developer were well within those specified for normal 
septic system installation procedures. 
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The main irrigation ditch system for Orchard Homes ran just north of 
the sites. This ditch was approximately six feet wide and the water 
depth was .8 foot. It was used for lawn irrigation on Site H for the 
duration of the study. Site T was irrigated by ditch supply only 
during the second year of the study. During the first year, irrigation 
water was obtained from the community well. There was a smaller 
irrigation ditch to the south of the properties, approximately two feet 
wide with water depth of 1. 2 feet. 
In Chapter 4, a description of site instrumentation will be 
presented. Sampling and laboratory analytical procedures used for the 
study will also be discussed. 
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Chapter 4 
Site Instrumentation, Sampling Methods and Analytical Procedures 
This chapter will review methods used to instrument the two sites 
which were chosen for this study. First, study design is presented, 
then equipment construction and installation will be discussed, followed 
by explanation of site sampling and laboratory analytical methods used 
in the investigation. 
§§!DBii09 Design 
The following septic effluent constituents were used to investigate 
the occurrence of contamination: 
The presence of fecal coliforms indicate the presence of biological 
contamination. Total inorganic nitrogen, a combination of ammonia and 
nitrate and nitrite nitrogen was sampled to find out now much inorganic 
nitrogen might be transferred through the system. Nitrate nitrogen 
was of interest as EPA does impose a legal limit of 10 mg/L. on 
drinking water supplies. Orthophosphate phosphorus is found in sewage 
and is of interest due to the environmental impact it has on aquatic 
systems. Sodium, a cation and chloride, an anion, are found in sewage 
and can be used as sewage tracers in ground water systems. 
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Conductivity and total dissolved solids indicate concentrations of 
charged components, and are high in sewage waters. 
Water budget, septic system chemistry, vadose zone and ground water 
chemistry and ground water flow system data were utilized to accomplish 
the study objectives. Field instrumentation design is shown in Figure 
8. Water quality sample data taken from the septic tanks were compared 
to those from shallow soil water samplers placed directly below the 
drainfields. Changes in constituent concentrations were used to 
represent treatment by the septic tank and drainfield, and indicate the 
quality of the effluent entering the vadose zone. Constituent 
concentrations compared for the shallow soil water samplers and soil 
water samplers placed above the water table indicated the treatment 
provided by the vadose zone. Concentrations found in these deep soil 
water samplers also represented the effluent quality infiltrating to the 
aquifer. Wells were placed in the aquifer in order to trace the 
movement and dilution of the effluent plume, if present. Controls 
installed analogously to their system counterparts were used to 
measure background concentrations. The two irrigation ditches and the 
Clark Fork River were sampled to indicate possible dissolved input from 
recharge. One well nest was placed below the drainfield to detect 
vertical mixing and ground water concentration with depth. The 
community well supply was also sampled to provide information on 
concentrations in the aquifer with depth. Water meters were used to 
measure individual home water use. 
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Test Equipment Construction and Installation 
A cross-section of the first perforated draanfield line on each site 
was dug up to confirm the depth, location and construction technique 
used before placing soil water samplers. On Site H, an excavation was 
made approximately 1Q feet from the tee connecting it to the septic 
tank. On Site T, the excavation was made approximately five feet from 
the tee. 
Refer to Figure 9 for site map indicating placement of all sampling 
equipment. 
Based on drainfield depths found, shallow soil water samplers were 
designed to set ceramic cups three to four inches below the bottom of 
each drainfield. See Figure 10 and Appendix F for details. 
Soil water samplers were placed close to the tees in the first two 
drainfield lines nearest the septic tank on each site with their tips 
four inches below the drainfield bottoms. This was done for two 
reasons: 1) during excavation as described above on Site H, no effluent 
was encountered, and 2) given that the hydraulic conductivity of the 
sands and gravels below the drainfields was high, it was surmised that 
the majority of the effluent was entering the soil below the drainfields 
close to the distribution lines tee connectors. Seventy mesh sand was 
placed around the tip and bentonite clay plugs added above the tip to 
seal the tip below the drainfield level. This was done to exclude 
effluent flow down the soil water sampler casing hole to the tip. A 
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FIGURE 10,—Soil Water Sampler Construction and Installation, Year 1 
second plug was placed 12 inches below ground surface to prevent 
surface water from moving down the soil water sampler pipe. The 
excavated hole was backfilled with soil removed, replacing soil in the 
same order in which it was removed. 
Deep soil water samplers vere emplaced to a depth of eight feet below 
ground surface on Site T. Due to the difficulties encountered during 
installation, those on Site H were emplaced only to six feet. Bentonite 
plugs were used above the tip sand immediately below the drainfield to 
ensure that effluent could not move directly down the casing, and at 
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approximately 12 inches below ground surface. One deep soil water 
sampler was placed in each arm of the first two drainfield lines in each 
site. 
One shallow and one deep soil water sampler were installed on each 
site in the lawn as controls. The depths of placement were analogous 
to those of the soil water samplers in the respective drainfields. 
Table 3 lists final depth of soil water sampler tips below ground surface 
for each site. 
TABLE 3.--Soil Water Sampler Tip Depths 
Feet below ground surface 
LI 3.63 L10 8.13 
L2 3.35 LI 1 8.04 
L3 3.31 L12 8.04 
L4 3.42 L13 6.13 
L5 3.38 L14 6.08 
L6 3.00 LI 5 8.00 
L7 3.25 L16 5.98 
L8 3. 21 
L9 3. 33 
Before sampling the second year, all soil water samplers were cut 
down to below ground surface and protected from contamination and 
damage using a PVC frame (Figure 11). 
During the course of excavation of soils below one drainfield line, a 
soil sample was obtained and processed for cation exchange capacity 
analysis. Don Essig of the UM Forestry Lab ran the sample, and his 
final report is found in Appendix G. 
The concrete plug of each septic tank eight inch access port was 
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removed and replaced by a PVC housing to allow sampling (Figure 12). 
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FIGURE 11-. —Soil Water Sampler Construction and Installation, Year 2 
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FIGURE 12.—Septic Tank Sampling Port 
Kent C-700 water meters (5/8 inch X 3/4 inch) were installed on all 
external house faucets. Both home water lines had in-line water 
meters so meters were attached to external faucets to measure water 
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usage other than that for domestic purposes which would not reach the 
septic tank. Also, on Site H, one meter was attached in-line on the 
irrigation pipe used to water the lawn over the drainfield area so that 
approximate amounts of water use from this source would be known. 
For Site T, most watering over the drainfield area was done using an 
external faucet from the house supply. For the second year, the 
homeowner installed an irrigation system which was fed by ditch water, 
so a one inch Kent water meter was attached on this line. Readings of 
water meters were begun on June 1, 1984 and continued periodically 
until April 1986. 
Well TSW, constructed of one inch black pipe with a two foot screen 
attached to the bottom was pounded in to a depth of 12 feet and sealed 
with bentonite clay at 14 inches below soil surface and capped. All 
other wells were constructed from two inch or 1 1/2 inch PVC pipe. 
Pipes were cleaned with water and slotted using a saber saw, blade 
width 3/32 inch, at one to 1 1/2 inch intervals on three sides of the 
well pipe. Perforations were made from 8. 0 feet below ground surface 
and extended to the well tip. Essentially, all wells allowed access to 
water at the water table during the entire study. TWellllO was the 
only exception to this design. It was slotted only for the bottom two 
feet, from 28 to 30 feet below ground surface. All wells were sealed 
with bentonite clay one foot below ground surface. Two wells were 
placed with the control soil water samplers to provide information on 
background levels of nutrients in the ground water before the ground 
water encountered effluent from the drainfields. The remaining wells 
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were placed in such a way that they would intersect the anticipated 
plume of wastes generated from the drainfield. Surging with a garden 
hose attached to the house water supply was used to clear sands and 
silts out of wells after installation where necessary. See Appendix F 
for detailed description of procedure used to construct and emplace 
wells and soil water samplers. 
Due to the difficulty of drilling through the site substrates, final 
depth of wells was not to the 15 feet originally planned. Thus, some 
of the wells were unuseable and others went dry as the water table 
dropped. With funding obtained for the second year through the 
Montana Water Resources Research Center, ten more wells (TWelll 
through TWelllO) were installed in July of 1985 using a B 50 Mobile 
Auger rig with a hollow stem auger supplied by Montana Bureau of Mines 
and Geology. The final well depths are given in Table 4. TWelllO was set 
up as a vertical control on water quality below the drainfield, placed 
with bottom at 30 feet and slotted only from 28 to 30 feet. All well 
heads were surveyed to USGS Benchmark 324 in T13NR20W, elevation above 
mean sea level, 3134.31 feet. Howard Newman and Mike Snavely provided 
technical assistance. Water elevations were measured periodically to 
provide information on flow patterns under the site areas. 
A modified slug test procedure based on Bower's and Rice's method 
(1978) to determine aquifer transmissivity was conducted on all wells on 
May 7, 1986. A transducer built by Jim Bigley of the UM Geology 
Department and calibrated to depth was inserted to an initial depth and 
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Table 4.--Well Head Elevations and Depth to Bottom 
Well 
HC 
TC 
TW 
TSW 
HW 
TWelll 
HWell2 
TWell3 
TWell4 
HWell5 
HWell6 
TWell7 
TWellQ 
HWell9 
TWelllO 
Elevation above 
MSL, ft. 
Top of Casing at 
Measuring Point 
3136.00 
3136.42 
3136.22 
3136.18 
3136.14 
3136.45 
3136.01 
3136.67 
3135.96 
3136.20 
3136.08 
3135.91 
3136.09 
3135.85 
3136.65 
Depth to Bottom, 
ft. 
14. 13 
13. 00 
13. 75 
11. 77 
10. 46 
20. 00 
20. 00 
20. 00 
20. 00 
20. 00 
20. 00 
20. 00 
20. 00 
20. 00 
30. 00 
allowed to stabilize. Then it was quickly withdrawn to a final depth, 
simulating a slug withdrawl. Instantaneous water level recovery was 
calculated based on five second interval readings taken until water 
level stabilized. 
Project installed water meters were removed from irrigation lines in 
Play 1986 at the conclusion of the study. Water meters attached to 
house spigots were removed in January since no water was used from 
these lines during the winter. At the end of the project in May 1986, 
all soil water samplers were capped and wells cut down and capped below 
soil surface. Well TSW was pulled and the hole backfilled. The septic 
tank access ports were removed and the original concrete plug 
replaced. 
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Field Water Quality Sampling 
Field sampling was begun on July 25, 1984. For the first year, sampling 
continued to January 1985 with 10 sampling runs completed in that time 
period. After the new wells were added in July 1985, sampling was 
continued monthly between August 1985 and May 1986 with the exceptions 
of the months of January and March. Sampling for April and May 1986 did 
not include the soil water samplers or septic tanks. Nine sampling 
runs were completed in this second time period. 
Soil water samplers were vacuumed to -60 centibars six to eighteen 
hours before sampling. Samples were removed by forcing air pressure 
into the soil water samplers which displaced the sample out the tube 
and into a sulfuric acid cleaned sampling bottle. When not in use, the 
quick disconnect ends of the soil water sampler tubing were joined to 
keep them clean. Schematic of sampling equipment is given in Figure 13. 
Wells and septic tanks were sampled using a long cleaned length of 
Nalgene plastic tubing inserted down into the water or effluent. The 
tubing was attached to a clean collection container and vacuum applied 
to lift the sample into the jar. Sufficient well volume, at least five 
liters of water, was evacuated to ensure a fresh ground water sample. 
Between wells and septic tanks, the glass collection container and 
tubing was rinsed well with the nearest house supply water and then 
with deionized water. Where fecal coliform samples were taken, the 
system was rinsed with household supply water, then with a 50 7. sulfuric 
(H2S04) acid wash, again household supply water thoroughly to wash out 
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FIGURE 13.—Sampling Equipment Set-up and Operation 
residual H2S04 and deionized water to ensure against 
cross-contamination. Separate tubing was used, one for the two 
control wells, one for the 'downstream' wells, and one for the two septic 
tanks, to further minimize cross contamination. Also, septic tank 
samples were collected into a separate glass container than that used 
for the well samples. 
River and ditch sample bottles were dipped below the water surface to 
obtain the sample. The community water supply was sampled from the 
tap closest to the water pump after the pump had run for five minutes 
to ensure that fresh ground water was obtained for the sample. 
All samples were immediately iced until transport and storage at 4 
degrees C. in the EVST Laboratory Cooler. Due to the numbers of and 
high concentrations of nutrients in samples collected, filtering and 
analytical preparation work was done in the laboratory within 18 hours 
of field collection. 
Fecal coliform bottles for sampling were picked up from the Missoula 
City-County Health Department, samples collected, and taken to Greg 
Oliver in the Health Department within five hours. 
A representative set of samples was collected with the November, 
February and March sampling runs to test for trace and heavy metals. 
See Appendix H for literature review and results of this run. 
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L§*?9E§^9£X Handling and Analyses 
Analyses performed on field samples included fecal coliform detection, 
conductivity, pH, and concentrations of orthophosphate phosphorus, 
nitrite and nitrate nitrogen, chloride ion, ammonia nitrogen, and 
sodium. The first few runs of the second year included analysis for 
total dissolved solids which was later dropped (Chapter 5). 
Laboratory sample handling and analyses is described in Appendix I. 
This Appendix includes the Quality Control/Quality Assurance document 
developed for the second year of study. Most of it was also 
applicable to the first year of study, with exceptions as noted below. 
Dr. Richard Juday of UM's Chemistry Department provided duplicate 
analyses on one sampling run as comparison for QA/QC validation 
check. His results are included in this Appendix. 
The initial lab results for phosphate and nitrate analyses were not 
accurate. For the first three runs for phosphate and the first two 
runs for nitrates, high concentration samples were not diluted to the 
extent that they should have been, and the standards were run at too 
high a concentration to ensure an accurate reading from the 
spectrophotometer. The data obtained for wells were accurate, since 
the concentrations were not high enough to warrant dilution. Thus, 
the first four sampling runs done on July 24, August 8, August 22 and 
September 5, 1984 and results of analyses are not included in the 
statistical analyses. 
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The researcher was not aware of the need to use a quality control 
program when doing analyses at the beginning of the study. Phil 
Tourangeau, Vicki Watson and Stan Carlson were helpful in establishing a 
program which included EPA known samples with regular analyses to 
verify correct laboratory technique. 
Ammonia analyses Quality Assurance/Quality Control measures were 
inadequate for runs of 9/20/84 through 1/09/85. Survey of the data 
seemed to indicate that the data trended as expected based on other 
constituent analyses, including the second year nitrogen testing, so it 
was left in the study. In any case, the second testing run is fully 
supported by QA/QC, and bears out the same conclusions. 
Fecal coliform testing was intended to be qualitative and therefore, 
analysis was not performed for every run. 
Reasons for blanks on the data sheets of Appendix J are as follows: 
First, soil water samplers were capable of only collecting soil water 
which was present for about one foot surrounding the ceramic tip. 
Where soils were dry and the vacuum in the soil water sampler was not 
sufficiently high to pull in free soil water, a very small or no sample 
was collected. In this case, an analyses priority was set up, with 
nitrates analyzed for first, then orthophosphate phosphorus, chloride, 
sodium, ammonia, pH and conductivity, in that order. In the case of the 
ditches and the well house (community well), sampling did not begin until 
the 8/22 run, and the ditches could not be sampled during times of the 
year when they were turned off. For both years, ditches were turned 
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on in mid-May and off the first of October. Ditches and the river were 
sampled to provide information on water quality infiltrating the aquifer 
so that inputs to ground water quality from these surface sources 
could be evaluated. River samples were taken on two occasions during 
the winter of the second year near the Reserve Street bridge. In the 
case of chloride, an old stock item was used to make up the standards, 
and this contained more water than could be driven off with drying, so 
the first five runs were done using standards which were too low. For 
the next run, new NaCl was purchased, new standards made up and run 
against the old standards, and all data were readjusted to be in line 
with the new and more accurate standard solutions. 
All raw data obtained during the course of this study, including 
records on Quality Assurance/Quality Control measures and results can 
be found in the Appendices. Quality Assurance/Quality Control records on 
analyses are found in Appendix I. Appendix J contains results of well 
elevation measurements, chemical and biological testing. Metered water 
use is recorded in Appendix K. In the next chapter, summary statistics 
of study data will be presented. 
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Chapter 5 
Results 
General results are presented in this chapter, beginning with an 
evaluation of conditions occurring during the study years. Pertinent 
observations relating to the study during equipment installation and 
field sampling will be examined next, followed by examination of ground 
water flow patterns, presentation of water use data and explanation of 
data handling procedures. Biochemical analytical data are summarized 
for the septic systems and aquifer wells. 
Setting Evaluation 
It is important in any study involving hydrology to establish whether 
conditions under which the study is conducted are representative of 
average conditions found for the area. Figure 14 presents 
temperature comparisons between historical monthly normals and those of 
the study period. Overall normal mean was 41.8 + -15.0 degrees, while 
the average for the period of study from October 1983 through flay of 
1986 was 41.4+-16.5 degrees, a close agreement. Precipitation data are 
presented graphically in Figure 15. Overall precipitation normal for the 
period of October 1983 through May 1986 was 34.98 inches, close to the 
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FIGURE 14.—Temperature, degrees F., Study Years vs. Normal 
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FIGURE 15.—Precipitation, inches, Study Years vs. Normal 
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historic mean of 35.2 inches. Clark Fork River discharge values are 
presented in Figure 16. Note that, at the time of this writing, river 
data were not available past October of 1965. Given that warmer than 
normal temperatures after December 1985 caused early snow melt coupled 
with greater precipitation in February, it is predicted that river 
discharge for February through April would have been higher than 
expected. Normal average discharges for the water year is 91,912 
cfs. Water year 1984 averaged 94,540, and water year 1985, 68,892 
cf s. 
Field Observatigns 
The preliminary excavation made on Site H's first distribution line 18 
feet from the tee connecting it to the septic tank revealed that the 
top of the drainfield gravel bed was 24 inches down from ground surface 
and the trench bottom was at 38 inches. The four inch perforated 
pipe top was 28 inches deep. Sewer gas smell was noted during 
excavation, but there was no sign of effluent or of a developed 
biological mat at trench bottom. Filled soils directly over the trench 
contained many stones in a sandy loam matrix. Native soil on either 
side of the trench was fine brown sandy loam phasing to a brown-yellow 
loamy sand with depth. Soil below the trench level was a sand and 
gravel mix. I checked the perforated section with a line level and 
found it to be level per regulations. 
On Site T, the excavation was made approximately five feet out the 
first distribution line. Filled soils above the trench were loam and 
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FIGURE 16. — Clark Fork River Discharge, cfs. , Study Years vs. Normal 
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stone mix to the top of the perforated four inch pipe at 22. 5 inches. 
Drainfield gravels began level with the pipe top and extended down to 
trench bottom at 33.5 inches. Standing water (effluent) occurred at 30 
inches in the trench, and a 2.5 inch biological mat (black goo) was 
measured directly above the trench bottom. Native soils phased from a 
sandy loam to sand with increasing amounts of gravel with depth. Soil 
below the trench was sand. Sand with high stone content was 
encountered at 36 inches. Drainfield lines were eight feet apart. 
Top of septic tank on Site H was approximately 20 inches below ground 
surface. On Site T, top of tank was at 15. 5 inches below surface. 
There was a scum layer floating on the surface of the liquid effluent in 
both tanks. Also, both contained a viable colony of what looked like 
small fruit flies. 
A soil sample was collected from below the Site T drainfield and run 
for CEC and bulk density by Don Essig of the UM Forestry Lab. He 
determined the CEC to be 2.7 meq/100 g. and the crude bulk density 
was 1.6 g/cm3. 75.6 % of the soil sample fraction was larger than two 
millimeters. 
The soil water sampler final rinse collected after acid cleaning and 
analyzed by the UM Forestry Lab contained sodium at 0.047 mg/L. This 
was below the level of concern for this study. 
Soil water samplers were initially sampled for fecal coliforms, but 
results were inconsistent. Some shallow and deep soil water samplers 
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contained them, while others nearby contained none. A test soil water 
sampler was built and set in water containing fecal coliform and 
vacuumed. Samples for fecal coliform were taken from both the test 
soil water sampler and the water. Results for the soil water sampler 
proved negative, while the water in which it had been sitting contained 
200 fecals per 100 ml. Subsequent literature work (cited in Hagedorn 
et al. , 1981) showed that other researchers had also found that soil 
water samplers proved inconsistent to coliform passage, although viruses 
readily pass. Bacteria are considerably larger than viruses, and 
apparently the pore sizes of the ceramic tips are at a diameter critical 
to passage at the sizes typical of coliform bacteria; thus, the 
inconsistent results. The soil water samplers were dropped from the 
coliform testing program. It is notable, however, that some of both 
shallow (L4, L7, L8) and deep (L13) soil water samplers contained 
coliform, which proves that the coliform were passing through the soil 
column below the drainfields and entering the ground water. 
During the first year and continuing into the second year, a black 
sheety substance developed on the interiors of ceramic cups and lines 
of some of the soil water samplers. This is interesting, since it was 
found that fecal coliform do not consistently pass the ceramic cups. 
Possibly this black substance represents the beginning of a biological 
mat on the interiors of these soil water samplers. During the second 
year, TWelll also contained this substance, which apparently grew on the 
walls of the well casing and was pulled off during sampling. 
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Soil substrates encountered during well drilling are documented in 
Appendix F. In summary, sandy loam was found within 2 feet of the 
surface. Substrates below this level consisted of medium sands phasing 
with depth to small gravels and then to cobbles. There appeared to 
be considerable interbedding of these substrates with sand and silt 
layers and cobbles according to the MBMG well drill operator, Fred 
Schmidt. At 20 feet, what was interpreted to be a clay or silt bedding 
layer was encountered, but this also appeared to be discontinuous as no 
evidence of aquifer confinement was apparent. 
During the course of surging wells, water would not stand in TC and 
HW. Water ran into the aquifer faster than it was entering from the 
hose, and never reached the top of the casing. In wells TW and TSW, 
water did back up to the well casing top, but when the hose was 
removed, water standing in the casing dropped out of sight within five 
seconds, indicating a high aquifer conductivity. 
Results of the slug tests performed on wells proved to be 
inconclusive. Although results were obtained, stable readings could not 
be recorded closer to time zero than five seconds. When data were 
analyzed using Bower's and Rice's method, transmissivities calculated 
ranged from five to 20 feet per day. In view of past research 
conducted in the area and personal observation indicating much higher 
transmissivity rates, I concluded that most of the measurable well 
recovery occurred within the first five seconds, which could not be read 
using the transducer as a slug pipe since readings were not stablized 
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in the first five seconds. This would be the case where the aquifer 
hydraulic conductivity is large, and based on my knowledge of the 
underlying substrates, I believe this to be the case. 
During sampling the first year, a sulphur gas odor was noted 
emanating from TSW. The samples collected from TWelll below Site T 
drainfield lines smelled much like septic tank effluent, and had a similar 
greenish viscous appearance. 
At the end of the study, both septic tanks were checked to determine 
whether they were functioning correctly. Using Health Department 
recommended protocol, a white strip of cloth was attached to a 6 foot 
long stick, and inserted through the inspection port in the top of the 
septic tank nearest the effluent exit pipe. Upon removal and 
examination, no evidence of a sludge layer at the bottom of either tank 
was found. Note that the stick was inserted as far as it would go, 
and did not hit the bottom of the tanks. 
During the first sampling runs, wildlife were evacuated witn ground 
water. Dr. Andy Sheldon identified red spider mites and a blind 
pigmentless amphipod from samples obtained. Amphipods were sent to Dr. 
John R. Holsinger of Old Dominion University, Norfolk, VA for more precise 
identification. He replied that these were Styggbrgmus tritus 
Holsinger, originally identified by the author from well samples collected 
at Victor Crossing in Ravalli County, flT in 1952 (Holsinger, 1974). The 
spider mites apparently live on gravel substrates above the water 
table. However, only drowned ones were obtained in one well during the 
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first sampling run, so those collected could have fallen in during 
sampling. If they in actuality do live on the gravels, it would be rare 
that they would fall off and drown. The amphipods were collected from 
various wells during the entire study, and ranged up to 0.20 inch 
long. The wells were slotted with a hack saw which provided a large 
screen opening size and allowed the movement of these organisms onto 
the well during sampling. Jim Gustin identified one shed casing as from 
an aquatic insect which was collected from a ground water sample early 
in the study (personal communication). 
Water Data 
Hydrographs of TC and HC, the wells with the highest water table 
elevations are mapped against HWell6 and TWell7, the wells with the 
lowest water table elevations measured in Figure 17. These hydrographs 
cover the period of the study and exhibit a change in head of five feet 
between highest and lowest elevations for the year. All other wells 
fall within these hydrograph lines except as noted in Figure 17. As 
predicted by Geldon <1979), high water table was in June and low in 
February. Other fluctuations in the water table during the year may be 
due to precipitation episodes. For example, the hydrograph rise in 
August and September of 1985 appears to be correlated with abnormally 
high rainfall in those months as shown by the rise on the precipitation 
graph (Figure 15). Well elevation measurements were taken for wells for 
four successive days in 1984 from October 1 to October 4 to find out 
the effect of irrigation ditch turn-off on October 1 on the local ground 
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FIGURE 17.—Ground Water Elevation Hydrograph, feet above J1SL 
water. Turn-off resulted in a drop in head of 0.3 foot during those 
four days, a greater drop than occurred during any other period of 
time. More study would be needed to show a direct response, including 
what occurs with ditch turn-on in the spring, but this observation 
suggests a correlation. Note that the water elevation lines on the 
hydrograph begin to diverge considerably after the ditch shut-off the 
second year, which further suggests that the ditch influences local 
ground water flow patterns. Again, further study would be needed to 
establish whether the ditch is responsible for this change, or dropping 
ground water, or a combination. The low water table elevation l o r  
TWell8 is included for February 4, 1986. It is probable that this reading 
was in error since it is considerably lower than surrounding wells. 
Figure 18 and Figure IS are water table surface maps of the study 
area. The first map is drawn from measurements taken on September 
20, 1985 which represents a high water table, and the second, on 
February 2, 1986, a representation of the low water table. Water level 
trends for other months are similar. When data presented on Figures 18 
and 19 are compared, a shift of the water table and resulting 
hydrologic gradient translates into a change in flow direction of the 
ground water. Note that the shifts in the surface lines are 
eastward. During times of high water table elevation, the flow comes 
into the area from a northeasterly direction. As the water table 
drops, the flow comes from the north. The gradient is steeper m 
February than it is in September as indicated by closer potentiometric 
lines. However, the gradient on both maps decreases sharply beyond 
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the drainfield lines. 
Potentiometric lines show that control wells HC and TC were not 
impacted by flow from the drainfields, since these two wells were always 
above the drainfields in flow direction. HWells 5, 6 and 9 were in the 
direction of flow away from the Site H drainfield, and TWells 3, 4, 7, 8, 
TSW, and TW intercepted flow from the Site T drainfield. As mentioned 
in Chapter 4, wells TC, HW and TSW were dry for part of the year. The 
potentiometric maps show that wells TWelll, HWell2, TW, TWell3 and TSW 
would be most affected by any septic effluent inputs to ground water. 
Water Use 
Appendix K contains data related to water use by the two households 
during the course of the study. Analysis of the data, including 
inspection of the chemical data showed that there was a different 
pattern of concentration and amount of water use for each family by 
test period. The main reason for this would be that both households 
increased household size by one person during the course of testing. 
A second reason would be that there were lifestyle changes in both 
households between the first and second years. For the first year, 
family members were home during the summer months and gone during 
school days. In the second test year, mothers remained home during 
the school year with young family members. 
Compiled data from Appendix K is presented in Table 5. Note that 
there was an increase in water use from the first to the second test 
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TABLE 5.--Data Summary, Water Use 
Dates Water Use # Use/Person Use 
Use, /Day persons /Day, /Year, 
L. L. (gal. ) L. (gal. ) L. (gal. ) 
Site H 
840616 -840910 36881 428(113) 2 214(57) 
840910 -841204 31659 373(99) 2 186(49) 
841205 -850109 23782 680(180) 3 227(60) 
840910 -850109 55441 458(121) 167243(44194) 
850610 -860313 144587 520(137) 3 173(46) 
860314 -860506 46525 862(228) 4 215(57) 
850729 -860506 162527 578(153) 211116(55787) 
Site T 
840618 -840910 67851 808(214) 4 202(53) 
840910--850109 105517 872(230) 5 174< 46) 318280(84105) 
850729--860506 262979 936(248) 5 187(49) 341604(90269) 
period for both households. Site T household with more members usei 
more water than Site H for each year Persons in Site H household 
used more water per capita than did those in Site T household. Use 
per person per day is higher than the EPA's predicted value of 45 
gallons in all cases. 
Irrigation information for each site is summarized in Table fa. Note that 
the high rainfall in the summer of 1985 reduced the amount of irrigation 
necessary for that time period. 
For purposes of this study and based on Geidon's work (1979), it was 
assumed that all water irrigated over the systems evapotranspired and 
made no appreciable contribution to the amount of water infiltrating 
ground water from the septic system. Irrigation averaged 
approximately one inch per square foot per week. A second assumption 
was that all water added to the septic system from the household did 
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TABLE 6.--Irrigation Data Summary 
Dates of Amount, Period of Area Irrigation 
Irrigation L.(gal.) Irrigation, Irrigated, ft.2/day 
days ft. 2 L. (gal. ) 
Site H 
840618-840925 260130(68739) 99 8085 0.33(0.09) 
850610-850903 238563(63040) 85 8085 0.35(0.09) 
Site T 
840618-840826 166398(43971) 69 8349 0.29(0.07) 
850613-850903 111849(29550) 82 8349 0.16(0.04) 
enter the ground water. Reasons for this assumption were that the 
two system bottoms were placed below the plant root zone so 
evapotranspiration by plants was not a factor. Also, the systems were 
located in medium sand to mixed sand and gravel soils which did not have 
a high water retention capacity; thus, added water would move downward 
readily. 
Summary of Chemical Analyses 
Chemical analyses is summarized in the following sections. Analyses 
have been divided into the two time periods for reasons mentioned above 
under Water Use. Also, consideration in data handling was influenced by 
the variations seen seasonally and daily. It was felt that an 
averaging of data for each period would be less likely to exhibit bias 
due to localized effects. Herein are graphically presented means and 
95 % confidence intervals for each constituent by sampling point. Data 
ha've been arranged sequentially and left to right: 1) source waters 
first, then control points to present background concentrations; 2) then 
the septic tanks; 3) first and second drainline upper (representing 
drainfield treatment of effluent); 4) lower soil water samplers 
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(representing vadose zone treatment); finally, 5) wells showing the 
effects of waste contamination. Pertinent observations concerning 
relationships have also been made. Site maps of well means for 
constituents can be found in Chapter 6. 
Data for HWell2 have been split into two subpopulations since there 
was a dramatic rise in analytical constituent concentrations for sampling 
dates November 14 and December 9, 1985 and February 11, 1986. Combined 
subpopulation constituent values for these dates are designated 
HWell2-plume, all other constituent values obtained on other dates will 
be referred to as HWell2-control. Shifts in the ground water system 
during the time of a declining water table caused ground water 
containing drainfield effluent to more directly impact the well (Refer to 
QE°und Water Data section). T-tests for chemical parameters to test 
the hypotheses that concentration means from HWell2-plume were 
different than those from HWell2-control showed this to be the case at 
a probability level of 0.05 for TOTN and CL. The statistical procedure 
TUKEYB as outlined by Norusis (1983) indicates that NA and CL means 
differ. I believe that results obtained for HWell2-plume during the 
above time period indicated actual conditions directly under the 
drainfield more accurately than did other sampling times for this well. 
For other sampling times, HWell2, located in the first drainfield line, was 
not impacted as directly since clean ground water forced an apparent 
drainfield plume away from it. The designation, HWell2-control is used 
only for identification purposes, and does not indicate that the well 
should be considered to be a background well as HC or TC are. 
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Conductivity and Total Dissolved Solids 
Figures 20 and 21 present summaries of conductivity data. Patterns 
exhibited show conductivities to be high where other constituents were 
high in water samples. Lowest values were found in source samples, i.e. 
river and ditch samples. Control wells were higher as water moving 
through soil dissolves salts which increase conductivity. TDS was 
analyzed only until a relationship was established between conductivity 
and TDS. Regression analysis established this relationship to be: 
Conductivity, umhos/cm = 58.00943 + 1.24051 x [mg/L TDS] 
with an R2 = 0.9547, standard error = 66.29193. Statistics are given in 
Table 7. 
TABLE 7.--Regression Statistics, Conductivity with TDS 
B Std. error B Beta T signif. T 
TDS 1.24051 .03516 .97711 35.277 .000 
Constant (A) 58.00943 17.75528 3.267 .0018 
Qlthoghosghate Phosphorus 
Summary results for orthophosphate phosphorus are presented in 
Figures 22 and 23. Increase in water use caused the concentration of 
orthophosphate in the septic systems to drop considerably during the 
second test period. Although the soils seemed to provide some removal 
treatment during the first year, during the second year no treatment 
was apparent from the graph. 
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Nitrogen 
Summary results for total nitrogen, nitrate and nitrite nitrogen and 
ammonia nitrogen are presented in Figures 24 and 25. Total nitrogen is 
the sum of the other three inorganic forms. There is the likelihood 
that organic forms of nitrogen converted to inorganic forms during 
movement through the system. This explains how concentrations found 
in deep soil water samplers can be higher than those found in the 
shallow soil water samplers on Site T for both years. As with 
phosphorus, nitrogen concentrations dropped during the second year due 
to higher water use and resulting dilution. Ammonia nitrogen was found 
in shallow and deep soil water samplers and in TWelll. 
Sodium 
Data summaries for sodium are given in Figures 26 and 27. 
Concentrations in both systems including the septic tant:s dramatically 
increased during the second test year. Possible reasons for this are 
unclear. 
Chloride 
Summary statistics for chloride can be found in Figures 28 and 29. 
Although an amount is removed in the drainfield, concentrations in the 
vadose zone do not change appreciably. 
E« 
Summary of pH data is given in Table 8. pH was not analyzed for each 
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TABLE 8.--pH, units. Sites H and T 
840920 841003 841107 841119 841205 850109 860321 
Site Point 
8. 0 
ND 8. 2 
SD 8. 0 
WH 7. 5 7. 5 7. 5 7. 6 7. 6 
TC, control 7. 2 7. 2 
HC, control 7. 3 7. 2 7. 3 7. 3 7. 4 7. 3 
TWelllO 
HST 6. 7 6. 9 7. 2 7. 2 7. 1 7. 0 
L2 6. 5 6. 9 6. 8 7. 0 7. 1 
L3 6. 7 6. 8 6. 8 7. 1 6. 9 7. 0 
L4 6. 8 6. 8 6. 8 7. 1 6. 7 7. 2 
L5 6. 9 7. 0 6. 9 7. 1 7. 1 6. 9 
L13 8. 2 6. 3 6. 0 6. 6 5. 9 
L14 6. 9 6. 8 6. 6 b. 2 b. 5 6. 3 
TST 7. 0 6. 9 6. 9 7. 1 6. 9 6. 9 
L6 7. 3 6. 9 7. 0 6. 9 
L7 6. 9 6. 9 7. 0 7. 1 7. 0 
L8 7. 0 6. 8 7. 2 7. 1 7. 1 7. 2 
L9 6. 9 6. 8 7. 0 7. 0 7. 0 6. 9 
Lll 6. 0 6. 9 6. 8 
L15 6. 9 6. 8 6. 8 6. 9 7. 0 7. 0 
TWelll 
TSW 7. 0 
TW 7. 3 7. 2 7. 3 7. 3 7. 5 
7. 9 
7. 9 
HWell2, control 7.8 
HWell2, plume 
HWell5 7.9 
HWell6 7. ' j 
HWell9 7.b 
7. 1 
7. 7 
TWellS 7.8 
TWell4 7.7 
TWell3 7.7 
TWell7 7.8 
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time, but determined to give an indication of its range for each sampling 
point. It is interesting to note that surface waters are most alkaline at 
8.0, and deep wells WH and TWelllO are slightly less alkaline. The two 
septic tanks have near neutral pHs, shallow lines show slightly more H* 
while deep lines show higher H+ readings, probably explainable by 
breakdown of organics into acid forms. The wells located in the waste 
plume show that dilution raises the pH back into the low alkaline 
range. 
Fecal Coliform 
Data obtained from Missoula Health Department Laboratory for fecal 
coliform analyses is presented in Table 9 and Figure 30. There is no 
doubt, from the data, that fecal coliform are moving from the drainfield 
through the vadose zone and are being carried along in the aquifer 
flow. HWell9 which tested positive several times, is 60 feet from the 
beginning of the drainfield on Site H. Coliform were also found in control 
wells TC and HC once during the testing period. However, these counts 
were low, showing that the high counts of fecal coliform in wells below 
the drainfield did, in fact, originate from the drainfield. These coliforn 
could have originated off-site from other septic systems, or infiltrated 
with ditch water and been carried via the aquifer to the wells. No 
coliform were found in the vertical control well TWelllO at 25 feet below 
the Site T drainfield, although the fully perforated well three feet from 
it, TWell3, did contain coliform. The community water supply well WH 
drilled to 50 feet was positive for one coliform, but that was possibly 
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Table 9.--Fecal Coliform, #/100 ml., Sites H and T 
Site Point 
1984 1985-86 
Date> 724 816 829 920 1003 1107 801 903 924 1022 1114 211 506 
[33 
100 100 100 100 100 100 
100 
5 10 
4 1 
2 3 15 
5 
40 100 15 
60 
TC, control 6 2311J 
TWelll 
TSW 100 
TW 100 C 2] 
TWell8 
TWell4 
TWell3 
TWell7 
TWelllO 
HC, control 
HWell2 
HWell5 
HWell6 
HWell9 
HW 
WH 1 [ 2 ] 
ND 100 40 100 
SD 88 63 100 
HST 100 100 discontinued 
TST 100 100 discontinued 
L4 9 
L7 9 1 
L8 6 
L13 3 
100 indicates colonies present at too numerous to count levels 
CI J colonies not fully blue 
[2] possible contamination during processing 
Light tan colonies were sporadically present in many wells, 
including those which were negative for fecal coliform. They 
appear to be indicative of the presence of sewage contamination. 
They were found in wells TWelllO, TWell8, TWell3, HC, HWell9, 
HWell5, HWell2, HWell6, TWell7 TC, and TW. 
[3] possible analytical problem 
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contaminated during processing of the sample. Since wells located 
close to the site property lines showed the presence of fecal coliform, 
it is quite likely that fecal contamination was moving off the properties 
carried by aquifer flow. 
Metal Analyses 
Appendix H contains the results of the metals analyses by ICP on 
selected samples during the winter and spring of 1986. Metals analyzed 
for were aluminum, boron, calcium, cadmium, copper, iron, magnesuim, 
manganese, mercury, molybdenum, phosphorus, potassium, silicon, sodium, 
titanium and zinc. Septic tanks contained the highest amounts of A1 
(0.038 mg/L. ), B (0.039 mg/L. ), Cu (0.092 mg/L. ), Hg (0.009 mg/L. J, K (14.5 
mg/L. ), Na (162.6 mg/L. ), and Ti (0.020 mg/L. ). Drainfield soil water 
samplers and wells were also high in some metals, Ca (58.6), Fe (0.993 
mg/L. ), Mn (1.367 mg/L. ), Si (12.49 mg/L. ) and Zn (0.232 mg/L. ). The 
ceramic cups contain high amounts of some of these, so results for soil 
water samplers do not necessarily reflect effluent concentrations in 
those cases. Since elevated mercury levels were observed in several 
samples, and because mercury was not included in the National Bureau of 
Standards' QA/QC analyte, affected samples were sent to an independent 
laboratory for re-analysis. Results using cold vapor generation found 
mercury levels to be below a detection limit of 0.001 mg/L. in the 
samples. 
In Chapter 6, the first four objectives of this study will be addressed 
based on the findings herein outlined. 
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Chapter 6 
Evaluation of the Stud^ Objectives 
The first four objectives set forth at the beginning of this study will 
be evaluated here based on the data obtained. 
Objective 1: To document the loading rates of two segtic systems. 
Water meter data indicate that, for the period of study, the two 
households used the following amounts of water: 
Household # persons Liters/day gallons/day 
Site H 2-3 458 121 
3-4 578 153 
Site T 4-5 872 230 
5 536 248 
Water use in both households is well below the 600 gallons/acre/day 
specified for maximum allowable septic system disposal of waste waters 
by Missoula City-County Health Department Regulation # 1. Recall that 
lot size for Site T was 0.806 acre and for Site H, 0.804. Even where 
household size is 5 persons, water use is less than half this figure. A 
two dwelling per acre density more than allows for a loading which would 
still be below 600 gal./ac./day. These households are larger than the 
average household size for the area, so their output was higher than 
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that which would be expected from most households. This suggests 
that if loading rates were the sole basis for regulation, even three 
households per acre could feasibly meet the regulation. 
Objective 2: To document the concentrations of and relationships 
between constituents in the septic tank, drainfield, vadose zone beneath 
the drainfield and in the underlying unconfined aquifer. 
Comparison of Means for Septic 
System Points and Drainfield Wells 
Where analytical data were available, SPSSX Contrast Analyses for 
population mean comparison using a one-tailed t-test at the .025 level 
or a two-tailed t-test at the .05 level were used to show relationships 
between sampling points for both sites. See summary of population 
mean relationships in Table 10. 
On both sites, concentrations of constituents were higher below the 
drainfield than at the control sites. The higher conductivity, sodium 
and total dissolved solids mean concentrations at the control sites 
which are comparable to system means can be explained by the build-up 
of dissolved salts in the soil water due to retention time of water in 
the soil column. Table 11 compares means within the septic systems. 
Where no differences in means exist, the conclusion is that, for these 
constituents, there was very little removal by the drainfield and the 
vadose zone, indicating that they passed from the septic tank and into 
the ground water virtually intact. In other cases there were 
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For Tables 10 and 11: 
< or > population mean significantly different; greater (>) 
or less (<) than 
= population mean equal to 
na no analysis 
TABLE 10.--Relationships Between Population Means, 
Septic System and Control Soil Water Samplers 
TOTN 0P04P NA CL COND TDS 
L2-5 Yr. 1 > > na > na na LI 
Yr. 2 > > = > > - LI 
L13,14 Yr. 1 na LIS 
Yr. 2 > > > > na = L16 
L6-9 Yr. 1 na L10 
Yr. 2 > > > > = > L10 
Lll, 15 Yr. 1 > > > > na na L12 
Yr. 2 > > = > - = L12 
TABLE 11.--Relationships Between Population Means, 
Septic Systems 
TOTN 0P04P NA CL COND TDS 
HST Yr. 1 > > = > > na L2-5 
Yr. 2 = = - > = > L2-5 
L2-5 Yr. 1 = = - = - na L13,14 
Yr. 2 > = - < > > L13,14 
L13, 14 Yr- 2 = > - = = > HWell2sptc 
TST Yr. 1 = > - > - na Lb-9 
Yr. 2 > 
= = > = > L6-9 
L6-9 Yr. 1 = = = = > na Lll,15 
Yr. 2 = = = = = Lll,15 
Lll,15 Yr. 2 > > > = = > TWelll 
statistically significant differences in means (i.e. the mean of the 
previous treatment point is greater than the latter), indicating that 
some treatment did occur. The differences seen between vadose zone 
(deep) soil water samplers and in HWell2 and TWelll are due to dilution 
by ground water movement below the drainfields. It is not known why 
there appears to be a higher mean for CL in some instances for the 
latter treatment point as compared to the previous point. 
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Comparison of Means for Control and Plume Wells 
SPSSX Contrast. Analyses using a one or two-tailed tailed t-test and 
TUKEYB was used to compare population means for the study wells. The 
results are summarized in Table 12. 
For Table 12: 
< or > population mean significantly different; greater (>) than 
population mean equal to 
na no analysis 
TABLE 12.--Relationships Between Population Means, 
Control and Plume Wells, Year 2 
TWelll 
HWell2, septic 
HWell2, septic 
Plume wells. 
Site H 
Plume wells. 
Site T 
TOTN 
> 
> 
> 
0P04P 
> 
NA 
> 
> 
> 
CL 
> 
> 
> 
COND 
> 
TDS 
> TC 
na HWell2cntrl 
na HC 
- HC 
> TC 
The conclusion drawn from the data compared for the two control 
wells to the wells affected by the waste plume is that the ground water 
quality is being significantly impacted by contact with entering septic 
system effluent from the two systems. Since nitrate is of legal 
concern, it should be pointed out that the mean concentration for 
HWell2-plume below the drainfield is 26.77 mg/L. nitrate nitrogen 
(Figure 32). TWelll's nitrogen is in the form of ammonia at a mean of 
14.62 mg/L., but this will be converted to nitrate with time. TSW and 
TW directly downstream from TWelll and outside of the drainfield area 
contain 19.47 and 6.87 mg/L. nitrate nitrogen respectively, with very 
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little present in ammonia form. It appears that dilution is the main 
treatment provided for septic system effluents in this case. 
Data comparisons betveen control 
the results exhibited in Table 13. 
veils and sources are presented in 
veils and background sources yield 
Constituent mean values for control 
Table 14. 
For Table 13: 
< or > population mean significantly different; greater (>) than 
= population mean equal to 
na no analysis 
Table 13. --Relationships Between Population fleans, 
Control Wells and Background Sources 
TOTN 0P04P NA CL COND TDS 
TC Yr. 1 > = = na WH 
HC,TC Yr. 2 > > = = = WH,TWelllO 
HC,TC Yr. 1 > > - = > na ND,SD 
& TWL10 Yr. 2 > > na ND,SD, 
RIVR 
Table 14.--Means of Source and Control Wells in mg/L. 
0P04P TOTN CL NA 
Source 
ND bd bd 2. 8 6. 1 
SD 0.005 0.04 2.8 6.1 
River bd 0.04 2. 2 5. 3 
Control Wells 
HC 0.008 0.82 3.9 7.4 
TC 0. 042 0. 76 3. 6 7.2 
Community Well 
WH, 0.007 0.56 4.0 7.2 
at 50 feet 
Wells below Septic System 
TWell3 0. 588 4.36 5.9 13. 3 
TWelllO, 0.014 0.56 3.8 7.2 
at 28 feet 
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Table 13 demonstrates that mean concentrations of nitrogen and 
phosphorus are higher near the aquifer surface than they are with 
depth. Table 14 shows that there is a difference in mean concentrations 
between control wells HC and TC sampled directly below the water table 
and the community well supply WH and vertical control well TWelllO which 
were sampled at 50 and 28 feet below ground surface, respectively. 
Note that TWell3 sampled directly below the drainfield also has 
considerably higher mean concentrations than TWelllO which was located 
next to it. Since the ditches and the river are lower in nitrogen, 
phosphorus and chloride when compared to the two control wells, there 
is some statistical indication that the control wells were also affected 
by a nutrient input source, most probably septic systems upgradient in 
the aquifer. 
Comparison of Means for the Septic Tanks 
T-tests show that constituent means were higher in HST than in 1ST 
for both years except for orthophosphate phosphorus in the second 
year. Probable reason for this is that, even though Site H household 
size was smaller, householders in Site T used more water for bathing, 
toilet flushing, etc. than did the Site H household, so chemical 
constituents were diluted by the increase in water use. Recall that 
water use for Site H household for years one and two were 44, 194 and 
55,787 gallons respectively, and for Site T, 84,105 and 90,269, almost 
double useage. 
-92-
Objective 3: To attemgt to document the dispersion grogerties of the 
valley fill material and the degree of attenuation of nitrates, 
QElhoghosghates, ammonia, chlorides, sodium, conductivity and fecal 
cgliform in the unsaturated zone beneath the drainfields and in the 
ground water system. 
As indicated in the previous section, there was minor statistically 
significant change in means for effluent constituents between the 
treatment units in either system. Table 15 summarizes what was 
TABLE 15.--Treatment as Mean Per Cent Removal of 
Effluent Constituents between Units of Treatment 
nt = no significant change in means by unit of treatment 
Conduc- Total Ortho- Sodium Chlor-
tivity Nitrogen Phosphate ide 
Phosphorus 
Site H, First Year 
Septic System 17 27 22 nt 41 
Vadose Zone nt nt nt nt nt 
Aquifer no data 
Site H, Second Year 
Septic System nt 
Vadose Zone 22 
Aquifer 32 
nt 
32 
nt 
nt 
nt 
79 
nt 
nt 
nt 
57 
- 2 1  
nt 
Site T, First Year 
Septic System nt 
Vadose Zone 18 
Aquifer CI] 36 
nt 
nt 
77 
31 
nt 
85 
nt 
nt 
77 
39 
nt 
58 
Site T, Second Year 
Septic System nt 
Vadose Zone nt 
Aquifer nt 
35 
nt 
41 
nt 
nt 
46 
nt 
nt 
nt 
45 
nt 
nt 
CI] Based on differences between Lll, L15 and TW, TSW 
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found. Ammonia, nitrate and nitrite nitrogen have been combined under 
total nitrogen, although there is appreciable conversion from ammonia to 
nitrate during passage through the treatment system. Fecal coliform 
were indicative of biological contamination and were not quantified, so 
they will not be considered further here except to note that they did 
pass through the soils into the aquifer and were carried along with the 
flow at least as far as the farthest downstream well. Figures 31 and 
32 provide a pictoral representation of concentrations found for 
orthophosphate phosphorus and total nitrogen respectively during 
effluent movement through the two systems during the second year. 
It is clear that the vadose zone provides minimal treatment to 
effluent entering from the drainfield. Attenuation by soils did not 
occur. It is also hypothesized that soils did not provide a good 
dispersive medium, so effluent tended to drop through to the aquifer 
close to the beginning of the drainfield system, and did not move out 
into the majority of the drainfield. 
Figures 33 through 36 present maps of the chemical constituent means 
for wells during the second test year to give an indication of movement 
and concentration changes with distance from the drainfields. No 
empirical relationship between dispersion and transmissivity in the 
aquifer is possible due to the failure of the slug test. Concentrations 
are higher in the direction of ground water movement, as one would 
expect. 
Vertical dispersion is not quantifiable given the design of this 
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study. However, TWelllO was placed next to TWell3 in the Site T 
drainfield and concentrations of constituents in TWelllO were generally 
analogous to those found for control and source sampling points. The 
deep well TWelllO never shows the high concentrations found in TWell3, 
an indication that the effluent plume from the drainfield remains closer 
to the water table surface and does not mix vertically directly below 
the drainfield. With the high transmissivity found in this aquifer (Clark, 
1986), the contaminants would remain near the water table surface as 
ground water moves off site. 
Objective 4: To establish a mass input--output eguation to predict the 
effect of septic system operatign on the ground water system. 
Mass loading predictions of Table 16 have been made by multiplying the 
mean concentrations for constituents by the projected yearly input per 
site as calculated in Chapter 5. Thus, on Site H, for the first year, 
concentrations are multiplied by 167,243 L. and for the second year, 
211,116 L. On Site T, the first year's use would be 318,280 L. and, for 
the second year, 341,604 L. Data listed are given in both kilograms and 
pounds per year. See Table 16 for results. Comparably, irrigation 
inputs for Site H were 65,340 L. over the 2,000 sq. ft. drainfield 
the first year, and 59,500 L. the second year. For Site T, irrigation 
contributed 40,020 L. the first year and 26,240 the second over a 
drainfield of the same area. Per discussion under Water Use in 
Chapter 5, most added irrigation evapotranspired, and did not 
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TABLE 16.--Yearly Mass Loading Predictions, Sites H 
and T, Means and 95 7. Confidence Intervals 
Septic Tank Drainfield 
Site H, First Year 
Vadose Zone, 
into Aquifer 
lotal Nitrogen 
Kgs. 13.0 (10.9-15.2) 
Lbs. 28.7 (24. 1-33.4) 
QE^hgghgsghate Phosphorus 
Kgs. 6.5 (5.3-7.7) 
Lbs. 14.3 (11.6-17.0) 
Sgdium 
Kgs. 18. 3 
Lbs. 40. 3 
Chlgride 
Kgs. 11.3 
Lbs. 24. 9 
(15.7-20.9) 
(34.5-46.1) 
(7.9-14.8) 
(17. 4-32. 5) 
9.6 (8.9-10.2) 
21.1 (19.7-22.4) 
5.1 (4.3-5.8) 
11.2 (9.5-12.8) 
19.7 (18.6-20.8) 
43.4 (40.9-45.9) 
6.7 (6.2-7.1) 
14.7 (13.7-15.7) 
8.6 (7.0-10.2) 
18.9 (15.4-22.4) 
4. 8 (4. 1-5. 6) 
10. 7 (9. -12. 4) 
19.7 (18.4-21.1) 
43.5 (40.5-46.5) 
6.8 (6.1-7.4) 
14.9 (13.5-16.3) 
Site H, Second Year 
Total Nitrogen 
Kgs. 10.7 (9.2-12.3) 
Lbs. 23.7 (20.2-27.2) 
Qrthoghosghate Phgsphgrus 
Kgs. 2.3 (1.9-2.7) 
Lbs. 5.1 (4.2-6.0) 
Sodium 
Kgs. 33. 1 
Lbs. 73.0 
Chlgride 
Kgs. 15. 4 
Lbs. 34.0 
(27.3-39.0) 
( 6 0 . 1 - 8 6 .  0 )  
(11. 8-19. 0) 
(26.0-41.9) 
12.2 (9.6-14.9) 
26. 9 (21. 1-32. 8) 
2.1 (1.9-2.3) 
4.6 (4.2-5.0) 
33.0 (30.6-35.4) 
72.7 (67.4-78.0) 
6.6 (5.7-7.5) 
14.6 (12.7-16.5) 
8. 3 ( 5. 6-11. 1 ) 
18.4 (12.2-24.5) 
2. 5 (2. 1-2. 9) 
5.4 (4.5-6.3) 
31.7 (29.9-33.5) 
69.9 (66.0-73.7) 
8.0 (7.5-8.6) 
17.7 (16.6-18.9) 
Site T, First Year 
Jgtal Nitrogen 
Kgs. 14. 5 (13. 1-15. 9) 
Lbs. 32.0 (28.8-35.1) 
Qrthoghgsphate Phgsghgrus 
Kgs. 6.5 (5.7-7.4) 
Lbs. 14.4 (12.5-16.2) 
Sgdium 
Kgs. 17.4 (13.1-21.6) 
Lbs. 38.3 (28.9-47.7) 
Chlgride 
Kgs. 11.5 (9.0-13.9) 
Lbs. 25.3 (19.9-30.7) 
11. 8 
25. 9 
4. 5 
9. 9 
22 
49, 
3 
1 
7. 1 
15. 6 
(8.7-14.8) 
(19.2-32.5) 
(3. 8-5. 2) 
(8.4-11.5) 
(17. 
(38. 
2-27.3) 
0-60.2) 
(6.6-7.5) 
(15. 0-16. 6) 
12.3 (9.4-15.2) 
27.1 (20.7-33.5) 
4.1 (3.6-4.7) 
9.1 (7.8-10.4) 
18.5 (16.2-20.9) 
40.8 (35.7-46.0) 
6.9 (6.6-7.2) 
15.2 (14.5-15.9) 
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TABLE 16.--continued 
Septic Tank Drainfield Vadose Zone, 
into Aquifer 
Site T, Second Year 
Total Nitrogen 
Kgs. 10.7 (9.5-11.9) 6. 9 (5. 9-7. 9) 8. 7 (6. 5-10. 9) 
Lbs. 23. 6 (20. 9-26. 2) 15. 3 (13.1-17.5) 19. 1 (14.3-24.0) 
Qrthoghosghate Phosphorus 
Kgs" 3.0 (1.8-4.2) 2. 9 (2. 5-3. 3) 3. 0 (2. 6-3. 3) 
Lbs. 6.6 (4.0-9.2) 6. 3 (5. 5-7. 2) 6. 5 (5. 6-7. 4) 
Sodium 
Kgs. "24.7 (11.9-37.5) 22. 6 (18.2-27.0) 25. 5 (20.2-30.7) 
Lbs. 54. 45 (26. 2-82. 7 ) 49. 8 (40.2-59. 5) 56. 1 (44.6-67.6) 
Chlgride 
Kgs. 12.6 (8.1-17.0) 6. 9 (6. 6-7. 2) 6. 8 (6.5-7.1) 
Lbs. 27.7 (17.9-37.5) 15. 3 (14.6-16.0) 15. 1 (14.4-15.7) 
appreciably contribute to the effluent load. Due to the inability of 
the system to provide treatment an equation predicting treatment was 
not formulated. 
Summary 
The study showed that water use for both households was well below 
the 600 gal./acre/day loading rate as specified by regulation. Two 
households per acre would still be in compliance based solely on loading 
rates. The ground water system provides the main treatment mechanism 
for septic system effluent, i.e. dilution with travel and time. 
Comparative background values between the ditches and the river to the 
control and community supply wells show that there is impact on the 
ground water given concentrations found. 
Study findings will be discussed in the next chapter. 
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Chapter 7 
Discussion and Conclusions 
A summary of study findings will be discussed and conclusions 
presented in this chapter. 
The null hypothesis tested by this study has been that 
'No significant degradation of ground water results from 
disposal of effluents using individual septic systems where: 1) 
soil percolation rates are within those accepted for septic 
system installation; 2) ground water is at least four feet 
below the drainfield; and 3) effluent disposal rates are equal 
to or less than 600 gallons per acre per day as stated in 
Regulation No. 1, Missoula City-County Health Department's 
Subsurface Sewage Treatment and Disposal Systems.' 
In Chapter 6, statistical analyses showed that there was, indeed, 
significant degradation in ground water quality below the drainfields and 
down gradient in the aquifer. This contamination resulted from effluent 
additions from two legally installed septic systems even though these 
systems met the premises stated in 1) through 3) above. Specific 
findings were as follows: 
1. Only a small portion of the entire drainfield area appeared to be 
utilized for effluent treatment. Despite the fact that these systems 
were six years old and should be well established, most of the drainfield 
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area appeared not to be functional. A number of observations support 
this contention. 
On Site H, no effluent or biomat was found during excavation to 
drainfield trench bottom 18 feet from the beginning of perforated pipe 
section on the first line. When TWelllO was augured through the 
drainfield on Site T, no mat was apparent at the bottom of the 
trench. Also, HWell2, located between the first two drainfield lines 16 
feet from the beginning of perforated pipe and 12 feet from the soil 
water samplers, showed little effect from effluent additions until the 
water table shifted during the winter. If effluent were moving into the 
drainfield lines to any extent, HWell2 should show high levels analogous 
to those found during the winter at all times. Although the higher 
water inputs on Site T seemed to force a greater effluent spread 
through the drainfield, TWell3 did not show the high concentrations 
found in TWelll, an indication that, here too, most effluent entered the 
vadose zone near the beginning of the distribution lines. 
2. Effluent appeared to infiltrate rapidly once it reached the 
drainfield. There apparently was not an appreciable retention time in 
the drainfield, so treatment here was minimal. This is supported by the 
following observations. 
In an established system, the drainfield biological mat filters out 
suspended particulate matter, and causes a reduced hydraulic 
conductivity at the soil interface so that effluents eventually spread 
throughout the drainfield. Effluents are retained for a long enough 
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period of time that the mat removes a significant amount of dissolved 
nutrient load as well. This retention permits slow infiltration, allowing 
aerobic unsaturated conditions in the vadose zone below. Where 
aerobic conditions are present, for example, biochemical conversion of 
ammonia to nitrite and then to nitrate forms occur. In these systems, 
this conversion did not take place all the time. Ammonia was found in 
the shallow and deep soil water samplers at times, and was the dominant 
form of nitrogen sampled from TWelll. This supports the contention that 
effluent was dropping through the system rapidly and in concentrated 
enough amounts that saturated anaerobic conditions prevailed in the 
vadose zone at least during high loading periods. Secondly, fecal 
culifurm were found ir» high numbers below both drainfields, showing that 
the biomat was not effective in filtering these organisms. They were 
swept through the vadose zone and into the ground water by the 
rapidly moving effluent. 
3. The vadose zone did not supply appreciable treatment to 
infiltrating effluent. This is supported by the statistical findings of 
this study (Table 15). Soils with low CECs are notorious for not 
providing adequate treatment and protection in preventing effluent 
movement to aquifers. A soil sample taken from directly below the 
drainfield bottom had an extremely low CEC of 2.7 meq/lOOg. Other 
soils below the drainfield lines and wherever excavations were made on 
both sites observed from two feet below ground surface and deeper 
were similar to this soil. Barry Dutton (personal communication) stated 
that these soils are typical of those found through out the Grantsdale 
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Loam series, and are very similar to soils found in most other soil 
series in valleys of Western Montana. He believes that 50 to 75 '/. of 
septic systems are installed in these kinds of soils in Missoula County. 
This is probably true of septic system installation in other Western 
Montana counties as well. Also, from the literature review, many 
researchers have established that soil exchange sites become saturated 
with ions over time, so breakthrough of charged constituents eventually 
occurs, especially in coarse soils such as those found on these sites. 
This could explain why so little removal of phosphorus and other 
constituents was evident in this study. Large interstitial pore spaces 
found in sands and gravels allow fast flow-through with minimal contact 
with the exchange sites that are available. Again, the movement of 
coliforms through the vadose zone supports this. 
4. The aquifer reduced the concentration of effluents by dilution. 
Transmissivity and flow rates in the valley substrates are high. Thus, 
dilution of the effluent plume in the aquifer would occur rapidly after 
introduction. This was confirmed in this study as high initial levels of 
effluent constituents were found directly below the drainfields, but 
rapid attenuation occured by the time the plume was sampled at the 
down gradient wells (Figures 33 through 36). The presence of large 
diameter interconnected voids was supported by the presence of 
§tZ92^E2!Dy§» indicating that substrate interstitial spaces are large 
enough to allow for amphipod reproduction and survival. It is not 
surprising therefore, that fecal coliform which are much smaller than 
the 0.2 inch amphopods would be able to survive and travel long 
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distances in the aquifer as well. 
Flow in the aquifer caused the effluent to remain near the water 
table at the study site. The vertical control well TWelllO at 25 feet 
below the drainfield and 11 to 17 feet below the water table had water 
quality comparable to the control and community supply wells, showing 
that effluent did not mix downward appreciably close to the source. 
Thus, shallow water supply wells in this area would be most vulnerable 
to contamination, which has been borne out by history of contamination 
episodes in the valley. Pumping of a number of deeper wells in one 
area and the absence of fine lenses of sediment between the water 
table and well intake may also induce migration of contaminated water to 
the deeper wells. This would also result in distribution of wastes over 
a larger vertical portion of the aquifer. 
There is some evidence that contamination is, in fact, mixing downward 
at least to a depth of 50 feet. The river recharge water quality 
typically contains 0.04 mg/L. of nitrogen. This concentration is much 
lower than the amount found in the wells of the study area, including 
that found in the community supply well, WH, with intake at 50 feet. 
This suggests that the community water supply from WH was being 
affected by nitrate inputs, possibly from septic sources up gradient 
from it. Although downward mixing was not appreciable close to the 
source of introduction, additions from a number of other sources and 
operation of numerous domestic wells probably contribute to elevated 
levels with depth as seen in the south west region of the valley (Clark, 
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1986). Thus, dilution provides a buffer, but is not a total solution to 
the contamination question. 
5. The aquifer exhibited seasonal variations in flow pattern and 
concentration of tested constituents. During the winter of 1985-86, 
the flow pattern shifted southward as shown by changes in gradient and 
potentiometric surface. HWell2 showed dramatic response to this shift 
in the concentration increase of effluent constituents sampled. 
Highest concentrations of nitrate in all sampled wells, including control 
and background ones, occurred in the spring. Community water supply 
well WH, with intake at 50 feet below surface had what I consider to be 
a high nitrate value, 0.91 mg/L. on January 9, 1985. A possible 
explanation of this winter--spring increase in nitrate concentration 
could be a result of a lower hydraulic gradient which would slow 
contaminant dilution. Another might be that, with rising water table, 
contaminants which had been accumulating in soil interstitial spaces were 
washed off, so that a higher concentration was found in the ground 
water. Soil water samplers did not show analogous concentration 
increases during the same time of year indicating that septic effluent 
quality did not exhibit this seasonal rise. 
Summary 
Assumptions concerning adequate treatment within the systems and by 
the exchange sites in the vadose zone are not being met. Virtually all 
orthophosphate phosphorus and nitrogen from these septic systems 
reached the ground water. There was no appreciable retention by the 
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sands and gravels below the drainfields. Sodium and chloride passage 
indicated that other cations and anions will pass through the system 
into ground water as well. Effluent concentration reduction for those 
constituents governed by water quality regulation depended heavily on 
dilution by ground water to below U.S. EPA recommended levels. Since 
aquifer transmissivity in valley soils is high, dilution has appeared to 
safeguard water supplies in the past for the most part. However, as 
other studies in the valley have shown (Chapter 3), and given the 
experience on the Rathdrum Prarie of Idaho (Chapter 1), one can only 
expect that, as development in the valley increases, there will be a 
parallel increase in effluent concentrations in ground water in 
unsewered areas of the valley. 
In the final chapter, the implications for current regulations in light 
of study findings will be explored. 
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Chapter 8 
Considerations and Recommendations 
The final objective will be herein discussed. 
Objective 5: To evaluate current septic regulations in relation to 
study findings. 
These two systems were installed legally per Missoula City-County 
Regulation No. 1 in 1978. They also meet the criterion for installation 
under the 1985 regulation. However, study results show that wastes 
are not being treated by the septic and soil system as is the implied 
intention of the regulation. Percolation rates and water table position 
were checked by the Health Department and a soils engineer prior to 
system construction, yet the systems failed to provide biological or 
chemical treatment at expected levels. The drainfields were 
constructed as specified and were of required length, yet only a small 
portion of that length appeared to be utilized. The water table was 
at least four feet below the bottom of the drainfield, yet wastes, 
including coliform, were reaching it. Why the problem ? 
It would appear that previous studies done in the area predicting 
poor performance of valley soils as filtering agents have proved out. 
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Both the Soil Conservation Service and Stark and Bodmer (1978) warned 
of this probability, yet septic system development has continued in 
these areas in the years since those warnings were made. 
Numerous applications made for on-site systems in the valley were 
examined, and none of the applicants indicated that percolation rates 
were faster than five minutes per inch. Under current regulation, 
systems can be installed in soils with percolation rates faster than one 
minute per inch if overdigging and an appropriate fill material is used, a 
more expensive alternative to a normal drainfield. Percolation test 
holes, when required, need only extend from 26 to 36 inches. The 
researcher found, on these two sites, that a fairly tight two foot layer 
of loam in the first horizons overlay extremely cobbly sand which caved 
away from underneath the overlay horizons during excavation. Personal 
observation cause some reservations that the percolation rates of the 
soils in which the study drainfield bottoms were placed actually met the 
Missoula City-County regulations for installation of septic systems. At 
the level of the drainfield bottoms, the soils consisted of medium sands 
mixed with high amounts of pea gravel which were larger and more 
numerous with depth. According to soil scientist Barry Dutton, this 
cobbly sand layer in fact will not hold water, indicating an unacceptably 
fast percolation rate for installation of normal septic systems (personal 
communication). Since the systems were legally installed, the 
researcher performed no actual percolation test to confirm the 
suspicion that percolation rates in this soil are extremely rapid. It 
should be noted that, at the time that these systems were installed, 
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percolation rates were used solely as a tool to size the drainfield 
area, and not for purposes of evaluation of soil suitability for 
treatment purposes. Even so, the reported percolation rates of five 
to ten minutes per inch still would qualify these sites for installation 
under the current regulations which do rely on percolation rates to 
evaluate site suitability. However, the question remains as to why 
numerous other systems installed in the Grantsdale loam of this area 
never reported problems with percolation rates either. The conclusion 
is that either there is great depth variation in the first layers, so 
that the perc tests in those layers do not involve the underlying sands 
and gravels, or perc tests are being performed in finer shallow soils 
which do not reflect true conditions for drainfields installed on the 
sites. In either case, the result is the same. Some drainfield 
bottoms in the area are apparently being installed into sands and 
gravels which provide no filtering capacity for effluent. Thus, I 
suspect numerous violations of Section II. GENERAL REQUIREMENTS in the 
regulation, which specifies that 
"It shall be unlawful for any person to install or cause to 
be installed any system, or to allow an existing sewage 
system to operate in such a manner that allows wastes from 
the sewage system: 1. To contaminate a drinking water supply 
or a potential drinking water supply. 3. To pollute or 
contaminate the waters of any stream or lake used for public 
or domestic water supply purposes or for recreational 
purposes. 6. To enter directly into subsurface ground 
water." 
If, in fact, the percolation rates are correctly reported, serious 
consideration needs to be given to the treatment potential of these 
soils. There is a major discrepancy between what is known concerning 
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how soils with percolation rates of five to ten minutes per inch treat 
effluent, and how these soils are handling it. 
There is also the question of drainfield sizing to be considered. 
Percolation tests are also used to determine sizing requirements for 
drainfields. This study concludes that, in these two cases, it appears 
that very little of the total drainfield area is being utilized for 
treatment, probably because the underlying sands and gravels will not 
support the development of an adequate biomat. Thus, most of the 
effluent apparently drops through close to the point of drainfield 
introduction, much akin to seepage pit operation, so the sizing 
requirement appears to be irrelevant. It is probable that a 
distribution system ensuring uniform dosage may fare no better, as 
effluent would only infiltrate at the closest possible outlet point, given 
the behavior of effluent in the substrate environment. An alternate 
dosing system provides no answer either, as the biomat would not form 
sufficiently to provide adequate treatment, and, as pointed out in the 
literature review (Appendix B), drying would cause its destruction 
between dosing episodes, allowing effluent free-flow through the vadose 
zone. 
In the case of these systems installed in rapidly permeable soils, an 
alternative may have been to construct the systems so that the 
bottoms of the drainfields were not in the sand and gravel layer, but 
shallower. This would take advantage of the presence of the tighter 
loams closer to the ground surface. Conditions would probably be more 
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favorable for filtering of biological organisms. Tighter soils would also 
retain effluent and allow its spread throughout the drainfield. Hore 
soil exchange sites would be available to retard eventual chemical 
breakthrough, and more effluent water would be evapotranspired. 
Unfortunately, the required thickness of such a fine soil layer needed 
to provide treatment before effluent enters the coarser underlying 
soils is unknown. 
The regulation allows for overdigging and filling in cases where 
underlying soils are rapidly permeable. There are a number of issues 
to be addressed in utilizing the fill method as a solution for this 
problem. One is ensuring that the fill is made with appropriate fine 
materials in such a way that no contact of drainfield effluent with the 
underlying sand and gravel layer is possible, as that contact point will 
become the likely short-cut for effluent movement once the system is in 
operation. A second concern is that fill materials are of a nature 
which will prevent flushing of fine fill materials into and through tne 
underlying very porous sand and gravel profile with infiltrating 
effluent. Thirdly, there is the question of biochemical treatment over 
time. Fill materials provide better exchange sites for contaminants 
initially. It should be pointed out, however, that based on the 
literature review evidence cited in Appendix B, even with the use of fill 
materials, eventual chemical breakthrough will occur, so chemical 
contamination will again be an issue. Possibly using pressure 
distribution into an area of finer soils or using a finer fill soil having 
a higher exchange capacity will help to postpone this problem. 
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Alternative systems should not be used unless they have been fully 
accepted by EPA as adequate to handle treatment in highly conductive 
materials such as sands and gravels. The Montana counties which have 
allowed the installation of experimental systems have a dismal track 
record of monitoring follow-up, chiefly due to budgetary constraints. 
Experimental systems which require monitoring should not be routinely 
installed in marginal soils until they have been proved to work 
effectively in those soils. 
The most serious reservation and the point needing regulatory 
address the most given the results of this study, is the very real 
potential of introduction of water-borne microbial disease organisms int 
the aquifer. This study documented that fecal coliforms are passing 
into and being transported by the aquifer. As noted in the Chapter 2 
Literature Review, fecal coliform are only marginal indicators of 
longevity and survivability with substantially higher rates of die-off a 
compared to other virulent bacterial and viral strains. Particularly, 
viruses are much smaller, are more viable and infective at far lower 
numbers than are bacteria. Thus, one cannot discount the fact that 
the potential exists for a serious water-borne outbreak derived from 
septic system use in this area. The presence of 1/5 inch amphipods in 
the aquifer points up the seriousness of this concern. There may be 
little filtering capacity in such a system for microorganisms, so loss o 
viability is the means of removal, and in the cold valley soil 
environments of Montana, conditions are maximum for aquifer survival of 
such organisms. 
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There may be some protection from biological contamination offered by 
aquifer substrates in some areas, however. Dutton believes that the 
cobbiy sands are interbedded by thin discontinuous lenses of rock free 
silts (personal communication). Morgan (1986) examined a great number 
of well logs from the Missoula Valley and concluded that a coarse sand 
and gravel unit comprises most of the aquifer. He states that 
"Judging from the cross-sections, specific capacity values 
and the well log information. Unit Two which is composed of 
interbedded gravel, sand, silt and clay comprises the bulk of 
the alluvial aquifer. The coarse sand and gravel layers are 
the principal aquifer material. These sediments contain 
large interconnected pore spaces which permit ample ground 
water movement and a large water supply". 
During the course of drilling to install TWelllO for this study, the 
auger encountered a layer of silt or clay below 20 feet, which supports 
the layering hypothesis (Appendix F). Interbedding of fine materials within 
the coarse sand and gravel matrix may exclude the movement of 
biological contaminants through the aquifer to some degree. Since the 
extent of continuity of these fine materials is unknown and presently 
believed to be discontinuous, it is probable that some wells may be 
protected while others are not. 
It would appear that the experience in valley fill soils of Montana is 
no different than those kinds of situations which the states of 
Washington, Oregon and Idaho have had to face in the recent past. 
These states have opted for controls which restrict density of systems, 
or preclude systems where soil conditions are too extreme, or dedicated 
aquifers to contamination. They have recognized the problems inherent 
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in continuing to allow system installations early on. They have not 
waited until EPA drinking water standards were being violated to opt for 
more stringent controls. 
Enough problems have surfaced in Western Montana to show that the 
community can no longer ignore the fact that those living in unsewered 
areas containing valley fill may be contaminating the aquifer from which 
their own drinking water supplies are derived. As pointed out above, 
there is evidence to show that a water-borne disease outbreak is a 
real possiblity in the Missoula Valley. Action is necessary to document 
the extent of the problem if safe domestic water supplies are to be 
preserved and steps taken to correct the problem where it exists. 
Recommendations 
My recommendations based on the information gained from this study 
are as follows: 
1. The Health Department should do percolation tests on the soils 
below the two drainfields of this study. If percolation rates 
obtained are higher than one minute per inch, the conclusion to be 
drawn is that Regulation No. 1 provides inadequate protection to 
potable water supplies. If the percolation rate is lower than one 
minute per inch, then the part of the regulation pertaining to 
percolation tests is at fault and should be revised to obtain more 
representative rates for soils examined. 
2. The County should draw up an aquifer management plan in order to 
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prioritize water use in its aquifer(s): to condemn the aquifer for 
continued contamination if so desired, in which case an alternative 
water source will be necessary for domestic supply in condemned 
areas, or to provide protection from contamination where the 
aquifer is managed as a domestic water supply, not only from 
septic system use but also from other uses which may be 
incompatible with this goal. 
Since the absence of coliform bacteria does not necessarily signify 
the absence of viruses and since aquifer substrates appear to be 
highly permeable, potable water derived from area wells should be 
tested for the presence of common enteric viruses to determine if 
viruses do, in fact, present a danger to water supplies. A 
recently published book entitled Methods in Environmental Virology 
coauthored by Charles P. Gerba may prove to be helpful in this 
investigation. 
Since infiltrating irrigation ditch water appears to affect ground 
water, and since ditch water contained high levels of fecal 
coliform, possible travel pathways of coliforms and other pathogens 
into ground water from ditch water should be investigated. 
Where soils similar to those found in this study are suspected to 
occur based on Soil Conservation Service maps and guidelines, 
on-site soil profile examinations must become a standard part of 
site investigation for septic system installation. The excavation 
should be ten feet deep and dug in the proposed drainfield area. 
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Standardization of reported percolation rates to soil profiles 
should be established, and variations or inconsistencies from these 
standards investigated before installations are permitted. 
Percolation measurements alone should not be adequate for septic 
system approval in these areas and should eventually be dropped 
once correlation to area soil profiles have been established. 
6. Percolation test holes should extend from the proposed level of 
the drainfield bottom to two feet below the proposed level to 
ensure proper results. Test procedures should be conducted per 
guidelines established by the Health Department to provide 
standardization of results. 
7. Chemical breakthrough may continue to cause problems, especially 
with older systems where exchange site saturation may have 
occurred. Extent of contribution to ground water contamination 
from older systems should be investigated. Regulations do not 
address this problem (Appendix A), and it can be cumulative. 
8. Investigation as to the effect of capillary rise on vadose zone 
treatment of effluent should be done. If the water table is four 
feet below the drainfield, and the capillary rise is one foot above 
the water table, what effect is there on treatment since the 
unsaturated zone of treatment is actually only three feet ? 
9. Before alternative systems which incorporate overdigging, filling, 
pressure distribution, or other possible solutions to aquifer 
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contamination in highly permeable soils are proposed for use, 
research should be conducted to ensure that they will, indeed, 
adequately resolve the problem of biological and chemical 
introduction of effluent to the aquifer. Compost toilet use 
should be considered as a solution to biological and chemical 
contamination, especially from nitrates. These toilets do 
considerably reduce or completely eliminate contamination according 
to Siegrist et al.(1977). 
10. It is necessary to establish whether conditions found below tnese 
two septic systems are representative of conditions found under 
other septic systems in highly permeable soils. A greater depth 
of tighter soils in some areas may be providing protection if 
systems have been installed in this layer. Also, the question as 
to how much treatment is provided by systems installed in tighter 
soils should be answered before tighter soils continue to be used 
for waste disposal or used as alternative treatment substrates 
for coarse soils. 
11. Since seepage pits and cesspools make up a large part of septic 
disposal methods in the area (Appendix E), and since these are 
generally installed much deeper than drainfields, biological and 
chemical contributions from these sources should be investigated. 
Mainlining of effluent into the aquifer may be occurring from these 
methods of disposal. 
12. Where potable water contamination from septic effluent proves to 
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be as serious a concern as the researcher believes it to be, 
alternatives to septic systems should be considered. These may 
involve relying on aquifer dilution of effluent by mandating density 
restrictions for development requiring septic systems. Where 
system density is already high, installation of a community waste 
treatment system should be considered. Existing contamination 
will quickly dissipate once the source of contamination is shut 
down. Given the nature of valley fill substrates and the high 
transmissivity of the aquifer, sole source aquifer designation 
should be considered because of the ease in which contaminants 
can be introduced and spread. This would provide further 
protection of domestic water supplies. It is also important, given 
the vulnerability of the shallow aquifer, to maintain options for 
use of alternative water supplies such as Rattlesnake Creek, in 
the event the need should arise in the future. Regulatory 
solutions used by other states which have begun to deal with 
sewage disposal problems in these types of soil conditions can be 
used as guidelines to revise county regulations here in a way that 
will responsibly focus on the problem. 
In conclusion, this study has shown that effluent contamination, 
including both chemical and biological constituents from two septic 
systems, is impacting the ground water aquifer and that contaminant 
pathways do exist downward through valley soils from septic systems and 
into the aquifer. Here, contaminants are being carried with the aquifer 
flow until dilution lowers concentrations to acceptable levels. 
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Contaminants found in septic effluent are showing up in domestic supply 
wells, and the potential threat to health from septic sources can no 
longer be ignored. 
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Aggendix A 
A 5 i§5y§§i9Q of  the  Cri ter ia  used to  Regulate  Sept ic  Systems 
General  provis ions found in  most  regulat ions for  individual  sept ic  
system instal la t ions typical ly  include guidel ines  governing system s ize ,  
a l lowable densi ty  in  an area,  minimum depth to  ground water  and dis tance 
from potable  wel ls .  Also,  soi l  prof i les  and percolat ion ( in  minutes  per  
inch)  or  permeabi l i ty  ( in  inches per  hour)  ra tes  are  used to  determine 
the sui tabi l i ty  of  a  given s i te  for  drainf ie ld  instal la t ion.  
Sept ic  system s iz ing has t radi t ional ly  been based on an anticipated 
wastewater  input  l imit .  Domest ic  on-s i te  systems assume a household 
maximum input  of  600 gal lons per  acre  per day or less, depending on the 
regulatory agency involved.  This  l imit  i s  used for calculating adequate 
sept ic  tank and drainf ie ld  s ize  needed to serve a household. It is an 
arbi t rary choice.  EPA (iy80) has accepted an average per capita input 
of  4b gal lons per  day.  For  a  household s ize  of three persons, daily 
sewage input  i s  135 gal lons per  day.  Thus,  most  drainfields are  
considerably over-s ized for  the average family,  though this  can be 
viewed as  a  safety factor .  One might  assume then,  that  larger  
drainf ie lds  provide greater  t reatment  potent ia l ,  but  tms is not borne 
out  by the facts  as  c i ted in  the evidence of  problems c i ted in  Chapter  
1 .  In  any case,  th is  input  l imit  was not  chosen for  the purpose of  
mit igat ing the impact  of  sept ic  systems on ground water .  
Regulat ions concerning system densi ty  have been revised in  some 
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northwest  s ta tes  in  response to  the problem of  increasing nutr ient  
levels  occurr ing in  ground water .  These regulat ions have been based 
on a  bel ief  that  adequate  spacing of  systems wil l  resul t  in  di lut ion of  
introduced eff luents  by ground water ,  thus  ensuring safe  dr inking 
water .  However ,  no re la t ionships  between eff luent  qual i ty  from 
drainf ie lds  and ground water  concentrat ions with dis tance from the 
system has been es tabl ished to  confirm the eff icacy of  these regulat ions 
on an individual  system basis .  Where development  has  not  proceeded 
too far  and densi ty  planning i s  possible ,  new regulat ions may offer  some 
protect ion.  Where areas  are  developed and grandfather ing of  systems 
under  old regulat ions prevai ls ,  problems may become cumulat ive as  
systems age.  Scalf  e t  a l . (1977)  s ta te  that  " the most  important  factor  
inf luencing regional  ground water  contaminat ion by sept ic  tank systems 
is  the densi ty  of  these faci l i t ies  in  an area" .  
I t  i s  apparent  that  densi ty  s iz ing does not  deal  with the basic  
issue.  I t  is ,  rather , -  a  s top-gap measure used to  hold mounting sept ic  
system related problems a t  bay unt i l  adequate  documentat ion for more 
effect ive regulat ion is  avai lable .  
Individual  sept ic  systems were never  actual ly  tes ted under  d i f fer ing 
soi l  and c l imat ic  condi t ions to  es tabl ish whether  they provided t reatment  
and protect ion to  ground water .  They col lected waste  waters ,  which 
was the  pr imary reason for  their  development ,  and in i t ia l ly  no one 
quest ioned how wel l  they handled the t reatment  quest ion.  Subsequent  
research with t ighter  soi ls  indicates  that  soi l  t reatment  i s  an effect ive 
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means of  protect ing ground water  under  normal  loading condi t ions,  but  
soi ls  with fas t  percolat ion may not  do the same.  Tyler  e t  a l . (1977)  
s ta te  that  where "f low is  very rapid as  in  a  gravel ly  soi l . . .very l i t t le  
t ime i s  avai lable  for  purif icat ion to  occur-  This  s i tuat ion has long 
been recognized and has  been re la ted to  severe ground water  
pol lut ion."  (See a lso Appendix B).  Thus,  regulat ion changes are  based 
on an understanding that  a  problem exis ts ,  but  the extent  of  impact  
that  sept ic  systems have on ground water  has  not  been documented and 
i s  poorly understood.  Since no empir ical  documentat ion of  the  problem 
quant i ta t ively exis ts ,  regulators  are  unable  to  wri te  regulat ions which 
would adequately address  the issue.  As s ta ted by Scal l  e t  a l .  ( l i<77; ,  
"most  of  the  numerical  l imits  found in  s ta te  and local  codes 
governing sept ic  tank system design and construct ion are  
without  sc ient i f ic  basis . . . . sept ic  tank systems are  common 
sources  of  surface water  and especial ly  ground water  
contaminat ion."  
Anderson e t  a l . (1982)  indicate  that  " the two basic  types of  on-site 
sewage t reatment  system fai lures  are  fa i lure  to  treat and failure to 
accept  the dai ly  sewage f low.  Fai lure  to  t reat  i s  rarely evaluated as 
long as  the system cont inues to  accept  sewage."  
The range of  regulat ions in  use a lso demonstrates  the confusion over  
the lack of  adequate  knowledge on which to  base them. Scalf  e t  
§1.(1977)  s ta te  that  
"def ini t ive information concerning the movement  and fa te  of  
pol lutants  in  both unsaturated and saturated subsurface 
environments ,  were such information avai lable ,  would comprise  
the f i rm scient i f ic  basis  needed for  resolut ion of  most  of  the  
disagreements  which underl ie  the wide var ia t ion in  exis t ing 
codes and regulat ions present ly  governing the ut i l izat ion and 
construct ion of  sept ic  tank systems.  "  
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Kreiss l  (1982)  has  discussed the var ia t ions found among s ta te  codes 
and their  development .  Vert ical  separat ion i s  understood to  provide 
unsaturated soi l  'contact  t ime'  to  t reat  wastewater  before  i t  enters  
ground water .  Horizontal  dis tances  to  household potable  suppl ies  and 
ver t ical  minimum dis tances  to  ground water  are  set  by individual  s ta tes  
in  order  to  provide adequate  protect ion for  potable  suppl ies .  The 
horizontal  separat ion al lows mixing of  any res idual  eff luent  with the 
ground water .  This  d i lutes  any harmful  const i tuents  remaining before  
human consumption occurs .  From resul ts  of  h is  own work,  he documents 
that  the popular  dis tance of  100 feet  between drainf ie lds  and wells  is 
inadequate .  He s ta tes  that  
" the mere codif icat ion of  a  minimum setback dis tance m and 
of  i t se l f  does not  insure  against  pathogenic  contaminat ion of  
wel ls  nor  does i t  prevent  the passage of  n i t ra tes  to  wel ls  
and surface waters . n  
He a lso cr i t ic izes  the requirement  for  drainf ie ld  replacement  area by 
most  s ta tes .  He says that  "such requirements .  . . .  appear  to  admit  both 
fa i lure  of  present  design cr i ter ia  and a  lack of  understanding of  system 
funct ioning" -
The percolat ion tes t  i s  the most  widely used technique for  
ascer ta ining the sui tabl i ty  of  a  given soi l  for  use as  a  disposal  
system. This  tes t  involves  digging a  hole  to  the depth of  the  
drainf ie ld ,  f i l l ing the hole  and soaking i t  with water  unt i l  consis tent  
percolat ion ra tes  occur ,  then taking a  f inal  measurement  as  minutes  per  
inch of  inf i l t ra t ing water .  Upper  l imits  for  percolat ion ra tes  assure  
that  systems are  not  used where soi ls  are  too t ight  so that  eff luents  
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do not  readi ly  move outward into the soi ls ,  but  the need for  lower l imits  
where f low into soi ls  i s  rapid has  only recent ly  been recognized.  
These ra tes  are  a lso used to  s ize  the drainf ie ld  system. In  sandy 
soi ls  drainf ie lds  are  s ized smaller  than in  clay type soi ls .  According 
to  Hantzche e t  a l .  <1982) ,  there  i s  concern by a  number of  authors  that  
there  i s  too much var iabi l i ty  in  performance of  the tes t  to  use i t  as  an 
empir ical  measure of  s i te  sui tabi l i ty .  They developed an a l ternat ive 
system based on soi l  textural  analysis  for  determining sui tabi l i ty .  
Bouma (1971)  advocates  conduct ivi ty  value curves instead and feels  that  
they are  more meaningful  than perc tes ts  as they give tne lull range of  
possible  inf i l t ra t ion rates .  He s ta tes  that  
"construct ion and management  of  a  d isposal  system should 
be directed towards es tabl ishment  of  opt imal  hydraul ic  
condi t ions,  which can be def ined as  the occurrence of  
moisture  tensions around the bed that  are  suff ic ient ly  low to  
enable  adequate  inf i l t ra t ion,  and yet  high enough to  al low for  
purif icat ion of  eff luent  by absorpt ion and f i l t ra t ion through 
f ine soi l  pores  a t  re la t ively low f low rates  in  unsaturated 
soi l .  "  
He does admit  that  measurements  of  hydraul ic  conduct ivi ty  are  beyond 
the abi l i t ies  of  most  local  contractors ,  and suggests  that  tne JJoi l  
Conservat ion Service be charged with developing soi l  conduct ivi t ies  
within their  respect ive areas .  This  could then be used by 
knowledgeable  off ic ia ls  in  judging sui tabi l i t ies .  Sandison and Plews 
(1982)  point  out  that ,  according to  Winneberger  and Klock (1973)  and 
Kreiss l  (1981) ,  the  or iginal  perc  tes t  was intended as  a  tool  to  s ize  new 
systems,  not  as  a  measure of  s i te  sui tabi l i ty  as  i t  now i s  by many 
s ta tes .  The Environmental  Protect ion Agency (1980)  s t i l l  feels ,  despi te  
cr i t ic ism,  that  the tes t  i s  an adequate  sui tabi l i ty  index i f  soi l  
examinat ions are  a lso included,  and the tes t  resul ts  ia l l  within the 
c i ted ranges for  that  type of  soi l .  Oliver  (1981)  points  out  that  too 
much emphasis  i s  being placed on the percolat ion tes t  and surface 
features  with l i t t le  regard to  factors  below 3  feet ,  or  the hydrologic  
condi t ions and other  factors  which may determine long-term success  and 
impact  of  an instal led system. 
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Appendix B 
Li terature  Review of  Sept ic  System Operat ion 
ID §and and Gravel  Soi ls  
Nitrogen 
A number of  authors  have examined the source and fa te  of  ni t rogen in 
sept ic  systems constructed in  sandy soi ls .  Perhaps the most  important  
research done on this  problem was a  two par t  s tudy conducted by 
Walker  e t  a l .  (1973a,  1973b) .  
In  the f i rs t  s tudy,  the authors  selected f ive sept ic  systems of  
varying ages (1/2 to  13 years  old)  bui l t  in  sandy loam soi ls .  Soil 
samples  were obtained from below the systems and analyses  made to  
determine forms and quant i t ies  of  ni t rogen present  a t  var ious depths .  
They found eff luent  to  be ponded above the soi l - -seepage bed interface 
due to  the impedance in  f low caused by the biological  mat  a t  th is  
point .  Thus,  unsaturated f low condi t ions exis ted in  the sandy soils 
below the drainf ie ld .  Resul ts  of  analyses  showed that  sept ic  eff luent  
obtained from the drainf ie ld  contained 80 V .  of  ni t rogen as  NH4*- and 20 */.  
a s  organic  ni t rogen.  Below the drainf ie ld ,  the greatest  concentrat ions 
of  organic  ni t rogen were found in  sands immediately below the mat  with 
most  re ta ined within the mat .  The oldest  system s tudied had soi l  
concentrat ions of  ni t rogen of  600 mil l igrams per  l i ter  (hereaf ter  
abbreviated as  mg/L., equivalent  to  par ts  per  mil l ion)  a t  the 15 cm. 
depth while  in  the younger  systems concentrat ions were much lower.  
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There was a  sharp decrease in  organic  ni t rogen with depth in  a l l  
systems.  NH4+- n i t rogen concentrat ions were high immediately under  the 
seepage beds,  but  decreased considerably within several  cm. depth.  
N03- n i t rogen increased concurrent ly .  
One system located in  an organic  sand was inundated with ground 
water  and so was anaerobic  most  of  the  year .  Here,  NH4+ levels  
remained high with depth,  and accumulated a t  levels  up to  150 mg/L.  
NH4+ was being re ta ined on the exchange complex and ni t r i f icat ion 
occurred only during those t imes of  year  when the ground water  
dropped.  
Since ni t r i f icat ion caused essent ia l ly  a  quantatat ively complete  
conversion of  the  ni t rogen forms from eff luent  to  soi l  water  amounts ,  
the  authors  concluded that  deni t r i f icat ion was not  occurr ing in  the 
sandy soi ls  s tudied.  Thus,  the  ni t ra tes  remain as  the f inal  form of  
eff luent  moving downward through the soi l  column.  
Brown e t  a l . (1978)  instal led drainf ie lds  in  soi l  lysimeter  blocks and 
found that  NH4«-N breakthrough occurred in  a  soi l  of  80 7.  sand af ter  
1.25 years ,  indicat ing that  a l l  exchange s i tes  had been f i l led.  The NH4+ 
f ront  moved downward a t  the ra te  of  100 cm. per  year .  They a lso 
found that ,  in  the f i rs t  year  of  s tudy greater  than 40 mg/L.  N02- and 
N03- n i t rogen was found a t  100 cm. and deeper  below the drainf ie ld .  
In  a  sandy c lay block instrumented s imilar ly ,  wet  soi ls  surrounding the 
sept ic  f ie ld  prevented the conversion of  ni t rogen species  to  ni t ra tes .  
There were e levated ni t ra tes  present  a t  la teral  dis tances  of  200 cm. 
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and greater  from the sept ic  l ines  so the authors  noted that  s imple 
downward movement  of  th is  potent ia l  pol lutant  from the sept ic  l ine is  
only a  f ract ion of  that  which may enter  ground water .  Much of  the  
ni t rogen which i s  ini t ia l ly  bound up and s tored as  ammonia in  the soi ls  
may la ter  be re leased upon conversion to  ni t ra tes  when condi t ions 
favoring ni t r i f icat ion f inal ly  occur .  
In  a  la ter  s tudy,  Brown e t  a l . (1984)  said that  
"accumulat ion of  NH4+N and N03-N in  the soi l  prof i le  and 
leachate  losses  of  NH4+-N and NQ3-N were greatest  in  the 
sandy loam soi l  which received the largest  volume of  eff luent  
and had the lowest  cat ion exchange capaci ty . . .Sept ic  f ie lds  
designed to  meet  current  s tandards have the potent ia l  to  
saturate  the avai lable  exchange s i tes  of  a  sandy soi l  with 
NH4+N. After  saturat ion,  the NH4+N moved downward with the 
leachate  water .  During dry per iods in  the summer when the  
soi l  became aerated,  some of  the NH4+N oxidized to  N03-N 
which came out  in  the leachate  water ."  
Phosphorus 
Gill iom et  a l . (1983)  c i t ing Reneau and Pet t ry  (1976) ,  Viraraghavan and 
Warnock (1976) ,  and Shawney and Starr  (1977) ,  s ta te  that  the presence 
of  sa turated soi l  condi t ions in  and near  a  drainf ie ld  may lead to  
reduced phosphorus removal  by soi ls .  Ci t ing Sommers e t  a l . (1977)  and 
Dudley and Stephenson (1973) ,  they say that  other  factors  that  may 
lead to  enhanced movement  of  phosphorus through soi l  are  coarse  soi l  
matr ices  that  permit  more rapid f low and have less  surface area for  
sorpt ion s i tes  by cont inued appl icat ion of  waste  water  over  a  long 
per iod.  In  their  own s tudy,  they establ ished that  phosphorus moved 10 
to  50 meters  in  ground water  perched above an impermeable  glacial  t i l l  
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soi l .  Movement  of  phosphorus seemed to  correlate  with old systems 
located in  wet  areas  where soi ls  are  pers is tent ly  saturated in  winter .  
Hi l l  and Sawheny (1981)  appl ied 565 L.  of  12 ug/ml.  P for  a  half  hour  
two to  three t imes a  week to  the surface of  an in  s i tu  isolated block 
of  f ine sandy loam soi l  for  2 .5  years .  They found that  analyses  of  
eff luent  from weep holes  a t  different  depths  suggests  that  the waste  
water  moved a long preferred pathways in  the heterogeneous soi l  and 
produced breakthrough of  phosphorus to  ground water  before  a l l  
sorpt ion s i tes  were ful ly  saturated with phosphorus.  Also,  anaerobic  
condi t ions enhanced mobil i ty  of  phosphorus,  possibly desorbing 
phosphorus from soi l  s i tes ,  thus increasing t ransport  of  phosphorus to  
ground water  in  soi ls  used for  cont inuous waste  water  t reatment .  
Renovat ion of  waste  water  over  long per iods of  t ime reduces the 
phosphorus sorpt ion capaci ty  of  a  soi l  while  per iodic  res t ing 
regenerates  sorpt ion s i tes  and increases  potent ia l  for  addi t ional  
phosphorus sorpt ion.  Addit ions of  deionized water  af ter  the waste  
water  appl icat ion also desorbed phosphorus from the soi l  surface.  
They c i ted Tyler  and Thomas (1977)  and Shaffer  e t  a l . (1979)  as  
documenting the channel l ing of  waste  water  a long preferred routes  
through the soi l  as  wel l .  They s ta te  that  phosphorus breakthrough 
depends on the loading ra te  of  eff luent ,  and that  De Camargo e t  
§1.(1979)  found that ,  as  the loading ra te  increased,  phosphorus 
breakthrough occurred much sooner .  
Brown e t  a l . (1978)  found that ,  in  s imulated drainf ie ld  tes ts  using 
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lysimeters  of  three different  types of  soi ls ,  phosphate  moved only s lowly 
in soils, but that movement was greatest in the soil containing 80 V. 
sand.  
Petals  Other  Cat ions 
Mil ler  and Wolf  (1975)  reported commonly found cat ions in  eff luents  to  
be calcium, magnesium, potassium, sodium, and boron.  Those of  greater  
concern are  heavy metals  which or iginate  from cleaning products ,  
pest ic ide r insings and the l ike.  Brown e t  a l . (1978)  reported f inding 
copper ,  z inc,  nickle ,  lead,  and cadmium adjacent  to  dramfield l ines .  In 
the  three soi ls  (sand to  clay types)  tes ted,  no appreciable  ver t ical  
movement  was detected,  and levels  of  these heavy metals  were lower 
than that  which would cause problems with plant  growth.  Sandhu e t  
al . (1976)  random surveyed a  number of  wel ls  in  a  South Carol ina 
county.  They found the metals  i ron,  lead,  mercury,  manganese,  cadmium, 
copper ,  z inc and arsenic  present  above background levels .  Some 
concentrat ions were above a l lowable EPA dr inking water  s tandard l imits ,  
and the presence of  these metals  s ta t is t ical ly  correlated with the 
presence of  sept ic  systems in  the area.  These metals  readi ly  moved 
through the soi ls  there  into the shal low ground water .  EPA l imits  for  
metals  are  given in  Table  17.  
According to  Canter  and Knox (1985) ,  Bates  (1980)  reviewed the 
t ransport  and fa te  of  heavy metals  in  the subsurface environment .  He 
indicates  that  adsorpt ion seems to  be the most  important  mechanism for  
immobil iz ing heavy metals  in  the subsurface environment .  Cat ion 
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TABLE 17.--U.S.  EPA Drinking Water  Standards for  Metals  
Maximim Contaminant  Effects  
Level ,  mg/L.  
Arsenic  0 .05 Linked vi th  skin cancer;  
recognized carcinogen 
Barium 1 .0  Toxic  to  hear t ,  blood 
vessels ,  nervous system 
Cadmium 0 .01 Bioaccumulat ive;  
recognized carcinogen 
Chromium 0.05 Ulcers  af ter  long-term 
exposure 
Lead 0 .05 Bioaccumulat ive;  causes  
paralysis  
Mercury 0 .002 Highly toxic  to  humans 
Selenium .01 Similar  to  arsenic  
Si lver  0 .05 Fatal  a t  high 
concentrat ions 
exchange may only temporar i ly  hold the heavy metals .  The reason for  
this  i s  the competi t ion for  the s i tes  by more prevalent  cat ions such as  
calcium and magnesium, so  heavy metals  are  bumped off .  Bates  a lso 
notes  that  metals  are  more soluble  in  the reduced s ta te  than in  tne 
oxidized form,  typical ly  the condi t ions found in  saturated soi ls  under  a  
drainf ie ld .  The presence of  some ions tends to  favor  the mobil i ty  of  
heavy metals  in  soi ls  as  wel l .  An example of  th is  i s  that  arsenic  i s  
more mobile  in  the presence of  phosphate ,  but  z inc i s  retained.  He 
feels  that  the effects  of  anaerobic  condi t ions and the inf luence of  
associated ions may great ly  increase the possibi l i ty  of  ground water  
contaminat ion by heavy metals  from sept ic  system eff luents .  
Anions 
Mil ler  and Wolf  (1975)  note  that  the soluble  anions such as  ions of  
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sulfate ,  chlor ide,  n i t ra te  and f lor ide are  not  removed from the eff luent ,  
but  percolate  through the soi l  dissolved in  the eff luent  water .  Thus,  
these anions contr ibute  to  mineral izat ion as  measured by increased 
conduct ivi ty  of  the ground water  beneath the sept ic  system. 
Qrganics  
Common organic  const i tuents  of  eff luents  are  substances such as  
proteins ,  l ip ids ,  nucleic  acids ,  polysaccharides ,  organic  acids ,  phenol ic  
compounds and detergents .  Pr imary t reatment  i s  via  biodegredat ion to  
s imple molecules  which then act  l ike cat ions or  anions as  discussed 
above.  
Mil ler  and Wolf  (1975)  c i te  Reneau and Pet t ry  (1975)  who s tudied the 
movement  of  organic  surfactants  found in  cleaning products  through 
soi ls .  They concluded that  t ravel  t ime through the soi l  i s  an 
important  considerat ion in  level  of  t reatment ,  i .e .  rapid movement  of  
eff luents  containing these surfactants  wil l  contr ibute  to  ground water  
pol lut ion.  The presence of  non-degraded or  par t ia l ly  degraded 
organics  of  th is  type resul t  in  poor  ground water  qual i ty  and anaerobic  
condi t ions which contr ibute  to  non-palatabi l i ty .  
Of greater  and more recent  concern are  the growing number of  water  
supply wel ls  contaminated by organochemicals .  Recent  technological  
developments  have al lowed monitor ing for  organochemicals ,  with the 
alarming discovery that  organochemical  contaminat ion of  ground water  i s  
a  very widespread fact  of  l i fe .  Many of  these chemicals  found in  
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ground water  or iginate  from commercial  c leaning faci l i t ies ,  industr ia l  
es tabl ishments ,  pest ic ide appl icat ions,  spi l ls ,  leaks,  soi l  disposal  of  
wastes  or  from landfi l l  s i tes .  However ,  inputs  from domest ic  sources  
has  a lso been documented.  Origins  here  are  paint  solvents  and 
thinners ,  c leaners ,  pest ic ide f lushings,  and other  miscel laneous 
chemicals .  
Verschueren (1983)  notes  that  removal  in  sub-surface systems depends 
pr imari ly  on biodegredat ion i f  total  and complete  breakdown of  
organochemicals  i s  to  occur .  Chemical  degredat ion a lso occurs ,  but  i s  
general ly  incomplete  and s low as  a  removal  mechanism.  In  soi l  
environments ,  soi l  type,  depth,  concentrat ion of  the organochemical ,  
microorganisms present  and their  accl imat ion,  and physical  soi l  
propert ies  including pH, temperature ,  oxygen avai labi l i ty ,  redox potent ia l  
and moisture  content  affect  conversion ra tes .  In  the ground water ,  
temperature ,  pH,  sa l ini ty ,  dissolved oxygen,  concentrat ion of  the  
organochemical ,  type and concentrat ion of  degrading organisms,  quant i ty  
and qual i ty  of  nutr ients ,  t race metals  and vi tamins,  and t ime govern the 
bioconversion process .  She notes  that  cer ta in  compounds are  very 
toxic  to  microorganisms in  waste  water  t reatment  processes  and thus 
inhibi t  biodegredat ion processes .  McCarty e t  §1.(1981)  indicate  that  
sorpt ion and volat i l izat ion are  a lso mechanisms of  removal ;  however ,  
DeWalle  e t  a l . (1982)  feels  that ,  f rom their  work (see discussion below) 
volat i l izat ion does not  occur  to  any great  extent  in  sept ic  tanks or  
drainf ie lds .  
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TABLE 18.--Volat i les  Occurr ing in  Sept ic  Tank Eff luent  
(af ter  DeWalle  e t  a l . (1982))  
Dichlororaethane 1 ,1 ,1- t r ichloroethane 
Chloroform 1,3-dichloropropene 
Trichlorof luoromethane Benzene 
Bromomethane Chlorobenzene 
1 ,1 ,2- t r ichloroethane Toluene 
Trichloroethene Ethylbenzene 
DeWalle  e t  a l . (1982)  undertook a  s tudy of  a  community sept ic  tank 
serving 97 homes in  Pierce County,  Washington.  They col lected both 
inf luent  and eff luent  samples  from the tank for  a  week and scanned them 
for  organochemicals .  Volat i les  detected are  l is ted in  Table  18.  Resul ts  
indicated that  dichloromethane was found in  a l l  samples ,  fol lowed by 
toluene in  frequency of  detect ion.  They a lso found these two 
substances in  a  125 foot  deep monitor ing wel l  located adjacent  to  the 
drainf ie ld .  They s ta te  that  the volat i le  organic  f ract ion typical ly  
contained.  40 to  50 compounds a t  a  concentrat ioa greater  than one par t  
per  b i l l ion and ident i f ied f ive as  pr ior i ty  pol lutants .  These were 
toluene,  dichloromethane,  chloroform,  benzene and te t rachloroethene.  
Their  s tudy included an invest igat ion of  t reatment  provided by the 
sept ic  tank environment ,  and the breakdown components  of  these 
organochemicals .  They note  in  conclusion that  they found l i t t le  
volat i l izat ion of  the substances within the tank environment ,  indicat ing 
that  the chemicals  wil l  be discharged through the drainf ie ld  and into 
ground water .  
Wilson e t  a l . (1981)  s tudied the t ransport  and fa te  of  thir teen organic  
pol lutants  including chloroform,  dichlorobromomethane,  te t rachloroethene,  
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t r ichloroethene,  and others  in  a  sandy soi l  with low organic  content .  
The soi l  with CEC of  3 .5  was packed into 140 cm. g lass  tubes in  a  way 
that  maintained the integri ty  of  the in  s i tu  soi l  condi t ions and 
preserved the nat ive microbiologal  l i fe .  14 cm. per  day of  1  or  .2  
mg/L.  of  each organochemical  was appl ied to  the columns and aerobic  
condi t ions were maintained.  Of the  s ix  halogenated hydrocarbons 
tes ted,  most  were to ta l ly  recovered in  the eff luent ,  not  surpr is ingly,  
according to  the authors ,  s ince these compounds are  recalci t rant  to  
biodegredat ion.  Sandy soi l  apparent ly  inhibi ts  volat i l izat ion of  these 
compounds.  They found that  subst i tuted benzenes a lso percolated 
through the soi l  even though biodegradable .  Their  conclusion was that  
ground waters  underlying soi ls  with low organic  matter  content  are  
vulnerable  to  pol lut ion by the organochemicals  tes ted.  
McGauhey and Krone (1967) ,  c i ted in  Mil ler  and Wolf  (1975)  indicate  that  
some of  the  substances they invest igated can t ravel  great  dis tances  
(miles) ;  therefore ,  they concluded that  soi ls  do not  provide an effect ive 
medium for  renovat ion of  eff luents  containing these compounds.  
Craun in  Bit ton and Gerba,  eds . (1985)  notes  that  the most  widespread 
organochemical  contaminat ion reportedly i s  t r ichloroethylene.  This  
substance can be formed during chlor inat ion of  wel l  water  for  human 
consumption,  but  most  sept ic  tank cleaning f luids  contain i t  as  wel l .  I t  
i s  used as  an anesthet ic ,  indicat ing that  exposure resul ts  in  depression 
of  the central  nervous system, incoordinat ion and unconsciousness .  
EPA (1980)  has  es tabl ished dr inking water  s tandards for  some 
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oganochemical  pest ic ides .  Organochemical  contaminat ion can be 
hazardous to  human heal th ,  especial ly  s ince bioaccumulat ion of  low levels  
over  long per iods of  t ime can occur .  Verschueren (1983)  has  pul led 
together  s ta te  of  the ar t  information on the environmental  effects  and 
research per ta ining to  organochemicals  in  her  Handbook of  Environmental  
Data  on Organic  Chemicals .  
Bacter ia  
Bacter ia  have fa i r ly  def ini te  environmental  requirements  for  growth.  
Thus,  those not  found in  the specif ic  set t ing in  which they have adapted 
would not  easi ly  survive in  other  c i rcumstances.  Most  pathogenic  
organisms not  nat ive to  the soi l  environment  d ie  off .  A few do survive,  
a t tes ted to  by documented episodes of  water-borne bacter ia l  disease 
outbreaks.  Cl imat ic  condi t ions which govern survival  include 
temperature  (die-off  and inact ivat ion doubles  for  every 10 degree C.  
r ise  between 5  and 30 degrees  C.  according to  Reddy e t  a l .  c i ted in  
Bit ton and Gerba,  eds . ,  1985) ,  moisture  (dessicat ion resul ts  i f  moisture  i s  
l imited) ,  and sunl ight  (ul t ra-violet  radiat ion ki l ls  off  bacter ia ;  
unfortunately,  i t  does not  reach underground) .  Bacter ia  have a  much 
higher  survival  ra te  in  cold soi ls  such as  those found in  Montana than 
they do in  warmer southern soi ls .  
Soi l  factors  such as  moisture  holding capaci ty  and par t ic le  s ize  
inf luence survival .  The moisture  holding capaci ty  of  coarse  grained 
mater ia ls  i s  only 4 %, whereas  that  of  f ine grained mater ia ls  such as  
loams and c lays  range from 18 to  27 X. The higher  moisture  content  
-145-
favors  survival .  Moisture  loss  in  sands i s  also much more rapid than 
in  c lays ,  so survival  t ime in  sands i s  very l imited as  sands dry rapidly 
to  levels  below which bacter ia  can survive.  Par t ic le  s ize  governs 
re tent ion ra tes  of  bacter ia  percolat ing downward with eff luent .  
Par t ic les  with small  pore spaces  such as  those found in  f iner  soi ls  
f i l ter  bacter ia  more readi ly  than do sands and coarse  mater ia ls  with 
large pore spaces .  Bacter ia  range in  s ize  from 1  to  10 um. so  pore 
s izes  smaller  than this  are  most  effect ive f i l ter ing mediums.  Fi l ter ing 
appears  to  be the most  eff ic ient  removal  mechanism according to  Romero 
(1970) .  When soi ls  containing cont inuous large pore spaces  are  f looded 
with large quant i t ies  of  eff luent  so that  saturated or  near-saturated 
condi t ions exis t ,  bacter ia  readi ly  move downward with the eff luent .  
Smith e t  a l .  (1985)  s ta te  from their  research that  "any f ie ld  soi l  with 
macropores  that  receives  water  a t  a  suff ic ient  ra te  to  f i l l  these pores  
i s  l ikely to  al low the rapid t ransport  of  suspended bacter ia  to  tne 
depth that  these macropores  are  cont inuous".  A phenomenon referred 
to  as  'br idging '  can occur  where soi l  inters t ices  are  larger  than tne 
bacter ia  and there  i s  a  constant  source of  bacter ia l  input .  As 
bacter ia  bui ld  up on soi l  par t ic le  surfaces ,  the inters t i t ia l  space 
becomes smaller .  So increasingly smaller  bacter ia  are  removed by 
s t ra ining as  the bacter ia  themselves  become the f i l ter ing medium. 
Wollum and Cassel  (1978)  note  that ,  where ra tes  of  water  addi t ion are  
large,  br idging may be prevented due to  veloci ty  of  f low,  so cel ls  are  
f lushed through rapidly and do not  accumulate  on the soi l  par t ic les .  
Movement  of  water  through the soi l  i s  the s ingle  most  important  
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factor  contr ibut ing to  introduct ion of  viable  bacter ia  to  ground 
water .  I f  water  remains as  soi l  moisture  in  the vadose zone,  the  
bacter ia  remain there  a lso.  A re la t ionship has  been shown between the 
water  or  eff luent  conduct ivi ty  and chances of  adsorpt ion occurr ing.  
As conduct ivi ty  increases ,  adsorpt ion tends to  increase as  wel l .  Wang 
e t  a l . (1981)  and Lance and Gerba (1980)  note  that ,  where saturated f low 
condi t ions exis t  such as  those which may develop under  high input  
regimes found under  inf i l t ra t ion beds or  drainf ie lds ,  adsorpt ion i s  not  as  
l ikely to  occur  and breakthrough to  the ground water  system is  
probable .  Goyal  e t  a l . (1980)  found that  inputs  of  water  with low 
conduct ivi t ies  tend to  desorb bacter ia  and remobil ize  them. 
Researchers  have documented higher  counts  of  organisms in  ground 
water  correlated to  ra infal l  events .  
Other  soi l  factors  which favor  bacter ia l  inact ivat ion and die-off  
include high numbers  of  specif ic  surfaces  which favor  adsorpt ion (organic  
soi ls  have 1000 square meters  per  gram, medium loamy soi ls  100) ,  high 
cat ion exchange capaci ty ,  acidic  pHs,  and the presence of  microbial  
antagonis ts  such as  fungi ,  protozoans,  nat ive bacter ia  and other  
organisms.  
Once in  ground water ,  survival  chances for  bacter ia  are  great ly  
enhanced.  One major  factor  i s  the lower temperatures  found in  ground 
water  systems.  Movement  i s  restr ic ted by s ize  of  aquifer  soi l  
substrates .  Where f ine grained mater ia ls  predominate ,  movement  i s  
l imited and die-off  occurs  before  the organism t ravels  any great  
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distance.  In  coarse  grained and uniform mater ia ls  where solut ion 
channels ,  f ractures  or  connected pore spaces  predominate ,  bacter ia  can 
be t ransported over  long dis tances .  Hagedorn in  Bit ton and Gerba,  
eds . (1985)  reports  col i form movement  of  2723 feet  from a  percolat ion bed 
through a  sand and gravel  aquifer .  McGinnis  and DeWalle  (1983)  used 
l i terature  s tudies  and l inear  regression and correlat ion between 
veloci ty  of  ground water  f low and dis tance of  bacter ia l  t ravel  to  
establ ish that  the highest  ground water  veloci t ies  and bacter ia l  
movement  correspond to  the coarsest  soi ls .  They were examining the 
condi t ions which led to  an outbreak of  typhoid fever  in  Yakima County,  
Washington where the bacter ia  had t raveled 210 feet  from a drainf ie ld  
into a  wel l .  Ground water  veloci ty  in  the coarse  sand and gravel  
aquifer  was 139 feet  per  day.  Rahe e t  a l . (1978)  demonstrated that  
appreciable  t ranslocat ion of  E.  col i  occurred in  a  saturated s i l ty  clay 
loam and s i l t  loam containing macropores .  Hagedorn e t  a l . (1978)  
documented that  col i form bacter ia  moved long dis tances  (up to  1500 
meters)  in  a  re la t ively short  per iod of  t ime where the ground water  
s lope was 2  %, and survived longer  than the 32 days of  the  tes t  
per iod.  
Recent ly ,  Yavuz and Haridos (1984)  documented re-growth of  some 
pathogenic  bacter ia  and fecal  col i forms in  a  nutr ient  r ich aquifer  
system, fur ther  complicat ing t radi t ional ly  understood assumptions that  
pathogenic  species  cannot  survive in  the natural  environment .  Mil ler  
and Wolf  (1975)  a lso indicate  that  high organic  matter  levels  increase 
pathogen survival  t imes.  
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EPA s tandards cer t i fying the qual i ty  of  dr inking water  use Escherichia  
col i  as  the indicator  organism.  I t  i s  interest ing to  note ,  according to  
Keswick in  Bit ton and Gerba,  eds . (1985) ,  that  the bacter ia  E.  col i  which 
was formerly considered inocuous,  has  been ident i f ied as  a  pathogen 
under  some circumstances.  Keswick s ta tes  that  "E.  col i  was previously 
considered to  be only a  harmless  nonpathogen.  This  fa l lacy should be 
corrected in  the l i terature  on water  t reatment  s ince enterotoxigenic  
and enteropathogenic  s t ra ins  exis t  that  can cause i l lness ,  par t icular ly  
t ravel lers '  diarrhea".  
Those bacter ia  which may be present  in  sewage are  l is ted in  Table  19.  
Viruses  
Viruses  funct ion l ike proteins  in  that  they can a l ter  charge depending 
on the pH of  the  surrounding environment .  Viruses  are  general ly  
negat ively charged in  a lkal ine solut ions and posi t ively charged in  acidic  
solut ions.  Viral  i soelectr ic  points  occur  where there  i s  no charge.  
In  some species ,  there  may be more than one isoelectr ic  point ,  and the 
isoelectr ic  point  i s  not  necessar i ly  a t  neutral ,  but  can occur  anywhere 
throughout  the pH range.  This  same phenomenon i s  observed in  some 
soi l  components  as  wel l ,  i .e . ,  different  types of  components  (c lay,  sand,  
aluminum and i ron oxides)  a lso exhibi t  negat ive charges  a t  pH below 7.  
Immobil izat ion of  viruses  seems to  increase with decl ining pH. Bi t ton 
and Gerba (1985)  point  out  that  the var ia t ion in  isoelectr ic  points  can 
help to  explain why such apparent ly  confusing research f indings exis t  on 
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TABLE 19.--Bacter ia  and Viruses  that  may be Present  
in  Sewage 
(af ter  Jones and Watkins ,  1985)* 
Bacter ia  
Salmonel la  typhi  
paratyphi  
other  spp.  
Shigel la  spp.  
Vibrio chglerae 
dY99*?acter ium 
L§2^9SBira  ic terghaemorrhagiae 
Campylgbacter  spp.  
Lis ter ia  monocytggenes 
Candida a lbicans 
Yersinia  entergcgl i t ica  
enteropathogenic  E. col i  
E§?udgmgnas aeruginosa 
Klebsiel la  spp.  
Staphylgcgccus aureus 
Aergmonas hydrgphi la  
??Y99bacterium par  a  tuberculosis  
Erysipel lgthr ix  rhusgpathiae 
Basci l lus  anthraxix 
Clgstr idium spp.  
Yersinia  pest is  
Brucel la  spp.  
Viruses  
Enteroviruses  
Pol ioviruses  
Echoviruses  
Coxsackieviruses  
Hepat i t is  type A 
Norwalk virus  
Rotavirus  
Reovirus  
Adenoviruses  
Parvovirus  
•Lis ted in  order  of  importance,  bacter ia  by the authors ,  v i ruses  
by the World Heal th  Organizat ion,  1979.  
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virus  adsorpt ion by soi ls .  Drevry (1969)  reported that  "virus  
adsorpt ion by soi ls  i s  great ly  affected by the pH, ionic  s t rength and 
soi l - -water  ra t io  of  the soi l - -water  system and the soi l  propert ies  
themselves .  However ,  the  effect  of  increasing or  decreasing any one 
of  these soi l - -water  system parameters  i s  not  predictable  with any 
degree of  cer ta inty for  soi ls  in  general .  Also,  one cannot  predict  the 
re la t ive virus  adsorbing abi l i ty  of  a  par t icular  soi l  based on the 
var ious tes ts  which are  normally used to  character ize  a  soi l" .  
Drewry 's  research using viruses  in  soi l  columns seems to  aff i rm Bit ton 's  
and Gerba 's  content ion.  
Viruses  general ly  do survive longer  than bacter ia  under  extremes of  
temperatures ,  remaining viable  from months to  even years .  Since 
viruses  are  considerably smaller  than bacter ia ,  ranging from .02 to  .  OB 
um. ,  f i l t ra t ion is  not  the most  effect ive means of  inact ivat ion.  Rather ,  
s ince viruses  carry a  charge,  adsorpt ion on exchange s i tes  in  the soi l  
i s  the mechanism most  effect ive in  removal .  Soi ls  with higher  CECs are  
more effect ive a t  removing viruses  than are  low CEC soi ls  such as  
sands.  
In  ground water ,  v i ruses  have a  much higher  viabi l i ty  and their  die-off  
ra te  i s  general ly  lower than that  of  bacter ia .  An important  
consequence of  th is  i s  that ,  where indicator  bacter ia  such as  E.  col i  
have been used to  indicate  the presence of  biological  contaminat ion,  the  
absence of  such organisms cannot  be assumed to  also indicate  the 
absence of  pathogenic  viruses  as  has  been t radi t ional ly  assumed.  
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Vaughn e t  a l . (1983)  s tudied the movement  of  natral ly  occurr ing human 
enteroviruses  and could not  s ta t is t ical ly  correlate  the presence of  
viruses  with e i ther  total  or  fecal  col i forms.  Their  conclusion was that  
these indicator  organisms cannot  re l iably predict  the virological  qual i ty  
of  ground water .  In  a  s tudy done with survival  chambers  placed in  a  
275 foot  deep wel l  with water  temperature  range of  3  to  15 degrees  C. ,  
Keswick e t  a l . (1982)  found that ,  of  three enter ic  viruses  and three 
bacter ia  s tudied,  E.  col i  exhibi ted the fas tes t  die-off  ra te .  They a lso 
concluded that  E.  col i  i s  a  poor  indicator  organism for  predict ing 
survival for animal viruses. Tyler (1985) states in her review that "It 
has been repeatedly demonstrated that  indicator  bacter ia  are  unrel iable  
in  predict ion of  enterovirus  outbreaks and the need for  a  viral  
s tandard i s  implici t" .  She c i tes  a  number of  authors  who support  th is  
content ion.  
Viruses  introduced to  ground water  present  an apparent ly  more 
ser ious heal th  r isk than previously thought .  Yates  e t  a l . (1985)  c i te  
Craun in  Bit ton and Gerba,  eds . (1985)  and Gerba (1983)  as  s ta t ing that  
"consumption of  contaminated ground water  i s  responsible  for  most  of  
the  outbreaks of  waterborne disease in  the U.S.  and that  viruses  
probably are  the e t iologic  agents  in  most  of  the  cases" .  Keswick and 
Gerba (1980)  found that  "356 (65 7.)  of  550 documented outbreaks of  
waterborne disease from 1946 to  1977 can be a t t r ibuted to  i l lness  of  
probable  viral  e t iology.  This  number probably represents  only a  
f ract ion of  the  actual  number of  virus-caused outbreaks because of  the  
diff icul t ies  involved in  proving a  viral  e t iology of  a  waterborne 
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outbreak."  Over  100 different  viruses  are  known to  be excreted in  
human waste  products ,  according to  Tyler  (1985) .  Table  19 presents  the 
current  known categories  of  human pathogenic  viruses .  The minimum 
intake of  v i ra l  infect ive uni ts  may be as  low as  one or  2,  whereas  a  
much higher  dosage of  bacter ia  i s  needed for  i l lness  to  occur .  
However ,  once infect ion occurs ,  one mil l ion viral  infect ive uni ts  can be 
shed per  gram of  feces  which resul ts  in  concentrat ions of  ten to  the 
f i f th  uni ts  per  l i ter  of  sewage,  according to  Sat tar  and Westwood (1977)  
as  c i ted by Tyler .  Jones and Watkins  (1985)  s ta te  that  "[sewageJ 
t reatment  methods were not  designed specif ical ly  to  remove 
pathogens".  Oliver  (1981)  indicates  that  "media coarser  than sand are  
unl ikely to  be effect ive in  removing viruses  from sept ic  tank eff luents ,  
and saturat ion of  the medium appears  to  al low virus  to  pers is t  and to  
be t ransported over  considerable  dis tances  in  an infect ious condi t ion".  
Keswick and Gerba (1980)  have found that  virus  movement  in  ground 
water  had penetrated to  a depth of  67 m. and migrated as  far  as  408 
m. hor izontal ly .  Due to  the fact  that  indicator  bacter ia  do not  move 
as  far  or  survive as  long as  introduced viruses ,  a  number of  
researchers  are  cal l ing for  a  new viral  s tandard in  addi t ion to  the 
present  col i form standard.  Yates  e t  a l . (1985)  s ta te  that  
"The cr i ter ia  now used in  the placement  of  dr inking water  
wel ls  re la t ive to  sept ic  tanks and other  sources  of  potent ia l  
contaminat ion do not  take into account  the possibi l i ty  that  
viruses  are  present  in  eff luent .  Because enter ic  viruses  
are  the most  l ikely et iologic  agents  involved in  the majori ty  
of  waterborne disease outbreaks in  the United States ,  i t  
seems important  to  incorporate  information about  their  
pers is tence in  the environment  in  cr i ter ia  being developed to  
determine safe  dis tances  between dr inking water  wel ls  and 
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sources  of  potent ia l  contaminat ion".  
Tyler  e t  al .<1985)  s ta te  that  " the possibi l i ty  that  even very low doses  
of  viruses  may cause disease has  led to  proposals  that  extremely 
s t r ingent  qual i ty  s tandards should be adopted and that  dr inking water  
must  be as  f ree  from viruses  as  modern technology wil l  a l low,  e .g . ,  one 
infect ious uni t  per  100 to  1000 l i t res  in  dr inking water" .  They c i te  a 
number of  researchers  in  favor  of  th is  s tandard.  Well ings (1982)  points  
out  that  " the soi ls  which score highest  on percolat ion tes ts  required 
for  sept ic  tank drainf ie lds  are  the same soi ls  which a l low rapid passage 
of  the  virus  laden waters ."  However ,  Craun in  Bit ton and Gerba,  
eds . (1985)  feels  that  viral  s tandards are  premature s ince there  i s  lack 
of  consis tent  research and methodological  techniques concerning viral  
e t iology and sampling.  
Well ings (1982)  and Keswick and Gerba (1980)  point  out  that  the reason 
that  viruses  have not  been more exact ly  ident i f ied as  a  major  problem in  
ground water  contaminat ion episodes i s  that  the tes t ing methodology has  
only been developed in  the las t  few years  for  detect ion of  the presence 
of  specif ic  species .  Also,  no one methodology detects  every one of  the  
100 or  more known human enter ic  viruses .  Only about  half  of  these 
are  detectable  by current ly  known methods.  These authors  are  
concerned that  surveys are  needed in  view of  the new technologies  
avai lable  for  detect ion,  to  f ind out  i f  greater  a t tent ion should be given 
to  water  suppl ies  used by rural  pr ivate  sources  and small  communit ies  
where minimal  or  no t reatment  i s  used.  Keswick and Gerba s ta te  that  
"resul ts  of  previous surveys on bacter iological  qual i ty  of  
ground water  indicate  that  viral  pol lut ion is  more widespread 
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than might  be bel ieved. . . .ground water  should be examined for  
virus  af ter  per iods of  heavy ra infal l  to  see i f  previously 
adsorbed virus  i s  being e luted and progressing into the 
aquifer ."  
They are  unaware that  any s tudies  have been done using new virus  
concentrat ion technology on viral  occurrence in  the vicini ty  of  sept ic  
tank drainf ie lds .  
EE2t:232§D§ §5^ Qther  Parasi tes  
Humans host  a  number of  pathogenic  organisms other  than bacter ia  and 
viruses .  Once infected,  a  person becomes a  carr ier ,  and spreads 
infect ion via  waste  e l imat ion which can be ingested by others  through 
oral--fecal  routes  or  through indirect  contact  which can occur  when 
waste  products  are  carr ied through sept ic  system eff luents  into wel ls  
used for  potable  water .  
Parasi tes  are  aerobic  organisms and general ly  do not  survive wel l  
away from the host  or  from the pathways used for  infect ion.  Aerobic  
dependent  l ive  organisms probably die  under  the anaerobic  condi t ions 
found in  sept ic  tanks under  adequate  re tent ion regimes.  I f  the  
organism has been excreted in  cyst  or  egg form,  there  may be far  less  
of  an effect  on survivabi l i ty  of  the organism.  Sedimentat ion with sol ids  
may occur  in  the tank,  and f i l t ra t ion by the biological  mat  and vadose 
zone seem highly l ikely removal  mechanisms.  
Cl iver  (1981)  s ta tes  that  " the metazoan and protozoan parasi tes  
should be no problem with eff luents  from a properly maintained and 
operated sept ic  tank,  but  care  should be taken where eff luent  i s  
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discharged to the surface or treated on a very coarse medium such as 
gravel. " Craun in Bitton and Gerba, eds. (1985) cites one instance where 
a Giardia infection originated from a well contaminated by human 
sewage. 
Table 20 outlines those parasites which have been found associated 
with sewage. 
TABLE 20.--Intestinal Parasites that may be 
Present in Sewage (after Jones and Watkms, 1985) » 
Schistosoma spp. 
Ascaris lumbricoides 
Trichuris trichuria 
Taenia spp. 
DiBtlXiiQbQthrium latum 
Ankylostoma duodenale 
Necator americanus 
Entamgeba histgl^tic 
Giardia Iambiia 
Naegleria spp. 
Acanthamoeba spp. 
QEXB^gsgoridia 
•Listed in order of importance. 
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Appendix C 
Precipitation, Temgerature and Discharge Data, 
October 1983 to May 1986, and Averages 
Total Precipitation in Inches, Water equivalent 
Normal, 
1951-80 1983-84 1984-85 1985-86 
October . 85 . 37 . 96 . 80 
November . 88 1. 17 . 89 . 51 
December 1. 21 1. 79 . 66 . 38 
January 1. 41 . 86 . 19 . 93 
February . 81 . 44 . 70 2. 18 
March . 83 1. 32 . 44 . 54 
April 1. 01 2. 04 . 55 . 51 
May 1. 62 2. 02 1. 57 1. 69 
June 1. 85 1. 47 . 38 
July . 85 . 38 . 09 
August . 95 1. 47 3. 29 
September 1. 02 . 79 3. 60 
Totals 13. 29 
Average Temperature, 
Normal, 
1951-80 
44. 1 
31. 8 
24. 9 
21. 3 
28. 1 
34. 1 
43. 9 
52. 1 
59. 6 
67. 2 
65. 5 
55. 7 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
Averages 44. 0 
14. 12 
degrees F. 
1983-84 
43. 8 
34. 3 
11.8 
25. 4 
32. 1 
39. 7 
43. 8 
49. 3 
56. 8 
67. 2 
68. 4 
52. 8 
43. 8 
13. 32 
1984-85 
42. 5 
33. 9 
20. 1 
19. 2 
23. 7 
36. 2 
47. 7 
55. 4 
62. 0 
74. 8 
62. 2 
50. 5 
44. 0 
7. 54 
(8. 62, ave. ) 
1985-86 
4(J. 3 
21. 7 
14. 7 
26. 0 
28. 6 
42. 0 
43. 8 
54. 6 
34. 0 
(35. 0, ave. ) 
(after U.S. Dept. of Commerce, NOAA, Johnson-Bell Field, 
Missoula, MT, Station # 24153, elev. 3197 ft.) 
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Clark Fork River Discharge for Water Year 1984 through Jlay 1986 
Discharge measured at Clark Fork River mile 361.6, hydrologic 
unit 12340500, 2.8 miles east of Missoula, 2.8 miles downstream 
from Milltown Dam. Drainage area 5,999 square miles. Discharge 
in mean cubic feet per second for period. 
Average, 
1930-79 1983-84 1984-85 1985-86 
October 1580 1981 1832 1906 
November 1580 1927 1726 1886 
December 1450 1154 1387 » 
January 1330 2044 1367 
February 1470 1561 1192 
March 1840 1856 1508 
April 3780 3458 3370 
May 8220 7065 6570 
June 8750 9278 3997 
July 3270 3360 1203 
August 1520 1742 1208 
September 1420 1802 1773 
Total cfs 1102938 1134481 826701 115670 
(91912 ave. ) (96380 ave. ) 
* Note that no further data was available after November from 
Geological Survey as data obtained had not been processed at time 
of request (July 1, 1986). 
Data obtained from USDI Geological Survey, Water Resources 
Division, Helena, MT. 
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Aggendix D 
SCS Soil Description, Grantsdale Loam 
The Grantsdale series consists of deep, well drained soils that formed 
in alluvium. These soils are on terraces in intermontain valleys. 
Slope is 0 to 2 percent. Elevation is 2, 800 to 3,500 feet. The 
average annual precipitation is 11 to 14 inches. The average annual 
air temperature is 43 to 45 degrees F., and the frost-free season is 
105 to 120 days. 
Typically, the surface layer of this Grantsdale soil is grayish brown 
loam about 3 inches thick. The subsoil is grayish brown to light gray 
loam about 23 inches thick. The substratum to a depth of 60 inches 
or more is light gray and light brownish gray extremely gravelly loamy 
sand. 
Permeability is moderate to a depth of about 32 inches and rapid 
below this depth. Available water capacity is about 5 inches. Runoff 
is slow and the hazard of water erosion is slight. 
If this soil is used for homesite development, it is limited mainly by 
rapid permeability, cutbank instability, and dustiness. Effluent from 
septic tank absorption fields may contaminate ground water or nearby 
surface water. Alternative onsite disposal systems or offsite disposal 
should be considered. 
These soils are coarse-silty over sandy or sandy-skeletal, mixed, 
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frigid Calciorthidic Haploxerolls. 
Typical pedon of a Grantsdale loam, 0 to 2 percent slopes, in 
irrigated pasture, 2,450 feet south of the northeast corner of sec. 
35, T. 12 N, R. 20 W. : 
A£ 0 to 9 inches; grayish brown (10YR 5/2) loam, very dark grayish 
brown (10YR 3/2) moist; moderate fine granular structure; slightly hard, 
very friable, nonsticky, and nonplastic; many very fine, fine, and medium 
roots; common fine and medium pores; neutral; clear smooth boundary. 
B2 9 to 17 inches; pale brown ( 10YR 6/3) loam, brown (10YR 5/3) moist; 
weak fine and moderate subangular biocky structure; slightly hard, very 
friable, nonsticky, and nonplastic; common very fine, fine, and medium 
roots; common fine pores; neutral; gradual smooth boundary. 
B3ca 17 to 32 inches; light gray (2.5Y 7/2) loam, grayish brown (2.5Y 
5/2) moist; weak medium and coarse subangular biocky structure; slightly 
hard, very friable, nonsticky, and nonplastic; few fine roots; common fine 
pores; disseminated lime; strongly effervescent; moderately alkaline; 
clear wavy boundary. 
32 to 36 inches; light gray (2.5Y 7/2) very gravelly loamy sand, 
grayish brown (2.5Y 5/2) moist; single grain; loose, nonsticky, and 
nonplastic; 50 percent pebbles and 10 percent cobbles; thin lime coats 
on undersides of pebbles; strongly effervescent; moderately alkaline; 
gradual smooth boundary. 
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IIC2 36 to 60 inches; light brownish gray (10YR 6/2) very gravelly 
loamy sand, dark grayish brown (10YR 4/2) moist; single grain; loose, 
nonsticky, and nonplastic; 50 percent pebbles and 10 percent cobbles; 
slightly effervescent; mildly alkaline. 
The Ap horizon is loam. The B2 horizon is loam and silt loam. The 
Ap and B2 horizons are slightly acid or neutral. The B3ca horizon is 
loam or very fine sandy loam and is mildly alkaline or moderately 
alkaline. The IlClca and IIC2 horizons are loamy sand or sand and are 
30 to 40 percent pebbles and 5 to 20 percent cobbles; they are mildly 
alkaline to strongly alkaline. 
Note: This information was obtained from the SCS's Missoula Field 
Office, June 19Q6. It is pending publication. 
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Aggendix E 
E£®ii!BiQ§£Z Study, Tygical Septic Systems in the Missoula Valley 
In the process of selecting a 'typical' septic system site from the 
1978 to 1979 time period from the Orchard Homes-Target Range (OH), 
Rattlesnake (RC), Grant Creek (GC) and Big Flat <BF) areas (Figure 37), I 
found that there appeared to be a large number of seepage pit systems 
in two of the areas. I had not considered that seepage pits could be 
a possible contributor to ground water contamination in my original 
study, since I thought that drain field type septic systems made up the 
bulk of the systems. Due to the apparent large numbers of seepage 
pits, nutrient contribution of seepage pit effluents to ground water 
cannot be discounted if there proves to be a problem. Therefore, L 
undertook a survey of each area to find out 
1. how many total systems existed as of 1982, 
2. how many drain fields and seepage pits were present, 
3. what an 'average' system size was, and 
4. on what soil type most systems were located. 
I surveyed all data available by cataloging all septic system permits 
or inspection reports for the four areas from the Health Department 
directory for the years 1967 through 1982. Health Department 
inspections began in 1967, so no data were available for years prior to 
1967. 
A random numbers table was used to select representative permits or 
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FIGURE 37.—Preliminary Study Map 
inspections for each year with approximately 25 to 33 percent of the 
population examined by area for each year (Table 21). Selected permits 
and inspections were categorized by year, type of system, whether the 
system was new or a replacement, etc. (Table 22) in order to calculate 
category frequencies (Table 23). 
Sites selected from the various areas were also chosen based on the 
working capability of the soil water samplers which would be used as 
sampling tools. Thus, areas selected for study had to be those where 
ground water was 10 feet or less for at least part of the testing year. 
Please note that no data adjustment was necessary for replacement 
systems. Concern would be with systems where drain fields were 
replaced by seepage pits, or vice versa. Only OH appeared to have 
transfers of this type, but since approximately the same number 
transferred each direction, they cancelled out. 
Aerial photographs from the U.S. Forest Service and the Soil 
Conservation Service were used to obtain population counts for 
structures in each area prior to 1967. A 1969 photograph was used for 
OH and 1964 photographs for RC, GC, and BF. Using these counts and 
Health Department data, the total number of systems for each area was 
calculated. Data for the period from 1967 to 1973 was used to predict 
pre-1967 trends for missing data including number of systems and 
breakdown into seepage pits and drain fields. This period was assumed 
to be representative of development trends previous to 1967. Patterns 
in numbers of systems installed per year and type of system installed 
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TABLE 21 .—Data Breakdown of Permits or Inspections 
by Size 
Key to Abbreviations 
NI denotes that no inspection Mas perforaed although periit 
was applied for 
* I of svsieus of this type, ex. 3*6 is the sane as 6, 6, 6, 
or three 6 ring seepage pits 
indicates, for seepage pit systems, how Many and what 
type of ring was installed, ex. £-3 indicates that tno 
tnree ring swaps Mere installed, joined to the 
residence by a vee. 
Orchard Hoaes-Tarqet Ramie; s_ (  Ke_,a(  
Year IDrainfieldI Seepage pi 11SP)DFIDF)SPI BP)SPIDF)DP I Tank I inspect-
feet I I rings I ft. I I rings 
1982 200, 120 
1981 320, 250, 
2*200 
1980 300, 226, 
2*260, 
2*125, 
100 
1979 2*250, 
220. 
2*195, 
190, 128 
1978 250, 2AO, 
210. 
4*260, 
160, 
4*150, 
100 
1977 12*300, 
3*250, 
3*200, 
2*150 
1976 600. 310 
3*300, 
280. 260, 
6*260 
1975 300, 260, 3*6 
250. 240, 
3*200 
- I -
120 2-3 
135 
2-3 
2*6 
2-3 
ft lonlyI ion or 
I gal.I unknown 
2-3, 
3*6 
2-3, 400 
3*6 
3*6 
1000 
200, 
add 6 to 
existing 
165 NI 
4*6 200, 1000 added 70, 
155 puap sta. 
320 NI, 
8*160 NI, 
240 NI 
3*6 200 1000 400, 
200 
4*6, 200 
300 
300 
1000 
200 M/ 
house 
tank/df 
1974 300, 210, 
205, 
8*260, 
150 
1973 280. 
4*260, 
3*150, 
100 
1972 4*200, 
5*150 
1971 300. 206, 
3*260, 
160, 
2*151, 
2*150 
1970 240, 155, 
5*150 
1969 180. 
2*150, 
2*120, 
3*100 
1968 140, 120, 
105 
1967 120, 106, 
100 
X drainfields 
X seepage pits 
X drainfields 
X seepage pits 
6*6 
2-»5' 
4*6, 150 
9*2-4 
4 5, 
6*6, 
3*2-4 
7, 3, 
3*6, 2*2-J, 
5, 
3*6, 
2-3, 
2-4 
2*4, 3*5, 
2*2-3, 2-4 
3*5, 
2-3 
11967-19821 = 203 
(1967-1982) = 6 
(1967-1973) = 161 
(1967-1973) = 5.4 
TABLE 21.—continued 
Rattlesnake Creeic 
"Rex 
Grant Creek: 
1 N w I Replacement I No 1 New I Replacement I No 
YearlDrainfieldlSeepage pit ISP)DFIDF)SPISP)SP1DF)DFITarikI inspect- YearlDrainfieldlSeepage pit ISP)DFIDF)SPISP)SPIDF)DFI TankI inspect 
I feet I (rings I ft. I I rinns I ft lonlvlionor I feet I I rings I ft. I I rings I ft lonlylionor 
- I -
1982 195 
1981 180 
1980 2*300, 
240 
1979 260 
1978 268, 180, 
160 
1977 216, 205, 
160 
1976 2*324, 
320. 
3*200. 
160, 152 
1975 210. 4*6 
3*165, 
5*160 
1974 300, 180, 6 
170. 
7*160, 
150 
I I • g
I I 
-I 1 
1973 152 
1972 
1971 200 
1970 
6*6 
6*6, 2-4 
6*6, 5, 
2-3, 4-3 
3*6 
1969 6, 3*2-3 
1968 3*6. 2*5, 9 
1%7 6 4*5 
X drainfield (I9&7-1982) = 198 
X seepage pit (1967-1982) = 6 
X drainfield (1967-1973) = 176 
t seepage pit (1967-1973) = 5.7 
4*6 
3*6 
2*6 
6 
6 
6 
-I-
y
I gal.I unknown 
2*6 
6 
munty 
hookup 
ciuunty 
hookup 
ciwunty 
hookup 
6 NI 
250 or 
2-6 NI 
sp NI 
I 
- I -
1982 2*200 
1981 300 
1980 285, 260 
1979 300, 270, 
170 
1978 380, 193, 
190, 180 
1977 400. 305, 
2*300 
1976 280, 250, 
200, 120 
1975 2*250, 
200 
1974 300. 
2*200 
1973 3*200, 
100 
1972 160 5 
1971 200, 180, 6 
160, 150 
1970 300, 215, 
200 
1969 400, 200 5 
1968 2*5 
1967 225. 100 
X drainfield (1967-1982) = 230 
X seepage pit (1967-1982) = 5 
X drainfield (1967-1973) = 199 
X seepage pit (1967-1973) = 5.2 
I 
- I -
I nly I ion 
I gal. I unknown 
-I 1-
1000 
200 NI 
6 added 
NI 
1 NI 
300 NI 
repl. 
200 NI, 
285 NI 
200 NI 
200 
don't 
know 
prev. 
500 NI 
TABLE 21.—continued 
Bin Flatj 
1 New I Replacement I No 
YearlDrainfieldlSeepage pitlSP)DFIDF)SPISP)SPIDF)DFITanklinspect-
I feet i • rings I ft. I • rings I ft I only I ion or 
I I I I I I I gal. I unknown 
—I 1 1 1 1 , 1—| 
1982 285 insp. 
b^eng,, 
1981 255, 250 2»2-3 
1980 375, 260, 
255, 200 
1979 450, 255 house 
repl. 
trailer 
1978 320, 300, 450 NI, 
290, 260 310 
installed 
H h  200 NI 
1977 250, 200 200 
source 
unknwn 
1976 3*200 
1975 200, 180 200 NI 
1974 300 
1973 3*200 
1972 2*200, 
2*150 
1971 150, 110 210 
1970 200, 175. 
120 
1969 200, 150, 
100 
1968 
1967 
I drainfield (1969-1982) = 223 
I drainfield (1969-1973) » 167 
source 
unkrwn 
TABLE 22.—Breakdown of Permits or Inspections 
by Number 
Orchard Hones-Target Range: 
f Hiii "I Replacement I I No 
YearI Drain-1 Seep-ISP)ibF)ISP)I0F)I Tank I inspect-
I field I age I DFI SPI SPI DFIonlylion or 
I I unknown I 
I I I 
—I—I 1 
I I pit I I I I 
I I I I I 
-I 1—I—I 
I Permits 
I or 
I Inspect ions: 
SampledjTotal 
1982 2 4 6 21 
1981 4 4 1 1 10 31 
1980 7 1 1 3 2 14 48 
1979 7 1 1 1 10 37 
1978 13 4 2 1 3 23 76 
1977 20 3 1 1 2 27 60 
1976 13 5 3 3 24 78 
1975 7 3 3 1 14 58 
1974 12 4 1 1 18 75 
1973 9 9 1 1 2 22 93 
1972 9 12 1 1 1 23 83 
1971 10 12 1 5 28 110 
1970 7 7 3 2 19 77 
1969 8 6 1 16 61 
1968 3 8 1 1 13 47 
1967 3 4 1 8 33 
Total 134 I 65 I 3 I 2 135 I 7 I 5 I 18 1 275 I 988 
Rattlesnake Creek: 
1982 1 4 5 10 
1981 1 3 1 5 9 
1980 3 2 5 8 
1979 1 1 1 3 8 
14 1978 3 1 1 5 
1977 3 1 1 5 20 
1976 8 1 9 37 
1975 9 4 13 46 
1974 11 1 12 50 
1973 1 6 2 9 30 
1972 7 7 27 
1971 1 1 10 36 
1970 3 2 5 19 
1969 4 4 14 
1968 6 6 17 
1967 5 1 6 24 
Total 42 I 46 I I 115 I I 16 I 109 I 369 
TABLE 22.—continued 
6rant Creek: 
\ Ren I Replacement I I No I Permits 
YearlDrairHSeep-ISP) IDF)ISP)IDF)I Tank I inspect-I or 
(field I age I OFI SPI SPI DFIonlylion or (Inspections: 
I I pit I I I I I I unknown I I I 
I I I I I I I I I Sampled ITotal 
1 1 1—,—I—,—| 1 1 1 
1982 2 1 3 3 
1981 1 1 2 2 
1980 2 1 3 4 
1979 3 3 9 
1978 4 2 6 20 
1977 4 4 15 
1976 4 2 6 12 
1975 3 1 4 5 
1974 3 1 4 8 
1973 4 1 5 9 
1972 1 1 1 3 5 
1971 4 1 5 15 
1970 3 1 4 7 
1969 2 1 3 4 
1968 2 2 2 
1967 2 2 2 
Total 42 6 1 1 1 1 1 1 1 1 1 8 59 1 122 
Big Flat: 
1 i  1 1 1 1 
1982 2 
1 | —|— 1 1 1 
2 
1 ' 
2 
1981 2 2 4 4 
I960 4 4 13 
1979 2 1 3 7 
1978 4 3 7 17 
1977 2 1 3 10 
1976 3 3 4 
1975 2 1 3 7 
1974 1 I 1 
1973 3 3 6 
1972 4 4 6 
1971 2 3 4 
1970 
«or a 
3 
i  
3 
7 
5 
7 
1963 
1967 
Total 37 I I I I 2 I 2 I I 5 I 46 I 69 
Note: Although the random sampling procedure indicates that no 
seepage pits were installed as new systews, there must be a few 
existing in this area as 2 seepage pits were replaced in 1981. 
TABLE 23.—Breakdown of Permits or Inspections 
by Frequency of Occurrence 
Orchard Homes-Target Range: 
r Rem f Replacement INo inspec-
YearlDrain-ISeepagelTotallSP)IDF)ISP)IDF)ITankl tion or 
I field i pit I New I DFI SPI SPI DFIOnlyl Unknown 
1982 .33 . 33 . 67 
1981 .4 .4 .4 .1 .1 
1980 .5 .5 .07 .07 .21 .14 
1979 .7 .7 .1 .1 .1 
1978 . 58 . 58 .17 . 08 . 04 .125 
1977 . 63 . 63 .16 . 05 . 05 .11 
1976 . 54 . 54 . 21 .13 .13 
1975 .5 .22 .71 .21 .07 
1974 . 67 . 22 . 89 . 05 . 05 
1973 .41 .41 .82 .05 .05 .09 
1972 . 39 . 52 . 91 .04 . 04 
1971 .36 . 43 . 79 . 04 .18 
1970 .37 .37 .74 .16 .11 
1969 . 5 . 38 . 88 . 06 . 06 
1968 . 23 . 62 . 85 . 08 . 08 
1967 . 38 . 5 . 88 .13 
1 1 1 1—|—|—|—| 1 
Col. .46 . 24 . 70 . 01 .01 .17 . 02 . 02 . 08 
Ave. 
•I—I—I-
Ave., .49 . 24 . 73 . 01.01 .13 . 03 . 02 . 07 
I/Tot 
1 1 1 1—1—1—l—l 1 
Value .475 .24 .715 .01 .01 .15 .025 .02 .075 
used 
f drainfields (1967-1982) = .475 
f seepage pits (1967-1982) = .24 
f new systems (1967-1982) = .715 
f drainfields (1967-1973) = .38 
f seepage pits (1967-1973) = .46 
Of only new systems: 
f drainfields (1967-1973) = .45, 
f drainfields (1967-1982) = .73 
f seepage pits (1967-1973) = .55, 
f seepage pits (1967-1982) = .27 
TABLE 23. 
Rattlesnake Creek: 
1 Rei I Replacement INo inspec-
YearlfrainHSeepagelTotallSP) IDFHSP) IDFHTankl tion or 
Ifield I pit I New I DFI SPI SPI DFIOnlyl Unknown 
, 1 1 ,—I—,—|—, 1 
1982 .2 .2 .8 
1981 .2 .2 .6 .2 
1980 .6 .6 .4 
1979 .33 .33 .33 .33 
1978 .6 .2 .8 .2 
1977 .6 .2 .8 .2 
1976 .89 .89 .11 
1975 .69 .31 1 
1974 .92 .08 1 
1973 .11 .67 .78 .22 
1972 1 1 
1971 .1 .8 .9 .1 
1970 .6 .6 .4 
1969 1 1 
1966 1 1 
1967 .83 .83 .17 
1 1 1 1—I—I—I—I 1 
Col. .33 .42 .75 .IB .08 
Ave. 
—, 1 ( 1—I—|—l—l—| 
Ave.. .39 .42 .81 .14 .06 
•/Tot 
, 1 1 1—I—l—i—I 1 
Value .36 .42 .78 .16 .07 
used 
f drainfields (1967-1982) = .36 
f seepage pits (1967-1982) = .42 
f new systeas (1967-1982) = .78 
f drainfields (1967-1973) = .05 
f seepage pits (1967-1973) = .95 
Of only new systeas: 
f drainfields (1967-1973) = .04, 
f drainfields (1967-1982) = .52 
f seepage pits (1967-1973) = .96, 
f seepage pits (1967-1982) = .48 
inued 
6rant Creek: 
~ New I Replacenent INo inspee-
YearlDrain-ISeepagelTotallSP)IOFJISP)IDF)ITankl tion or 
Ifield I pit I New I DFI SPI SPI DFIOnlyl Unknown 
—I 1 1 l—l—l—I—I—| 
1982 .67 .67 .33 
1981 .5 .5 .5 
1980 . 67 . 67 . 33 
1979 1 1 
1978 .67 .67 .33 
1977 1 1 
1976 .67 .67 .33 
1975 .75 .25 
1974 .75 .25 1 
1973 .8 .8 .2 
1972 . 33 . 33 . 67 . 33 
1971 .8 .2 1 
1970 . 75 . 75 . 25 
1969 . 67 . 33 1 
1968 1 1 
1967 1 1 
! 1 1 1—|—|—|—| 1 
Col. .69 .13 . 82 . 02 . 01 .02 .12 
Ave. 
I—I—I-
Ave., .71 .1 .81 .02 . 02 . 02 .14 
M/Toi 
Value .70 ' .115 ' .81s' ' '.oe'.015 .02' .13 
used 
f drainfields (1967-1982) = .7 
f seepage pits (1967-1982) = .115 
f new systems (1967-1982) 5 .815 
f drainfields (1967-1973) = .76 
f seepage pits (1967-1973) = .24 
Of only new systems: 
f drainfields (1967-1973) = .71, 
f drainfields (1967-1982) = .86 
f seepage pits (1967-1973) = .29, 
f seepage pits (1967-1982) = .14 
TABLE 23.—continued 
Big Flat: 
1 New I Replacement INo inspec-
YearI Drain-1 Seepage I Total ISP>IDF>ISP)IDF)I Tank I tion or 
Ifield I pit I New t DFI SPI SPI DFIOnlyl Unknown 
1 1 1 , — I—I-—I-—, 1 
1962 1 1 
1961 .5 .5 .5 
I960 1 1 
1979 .67 .67 .33 
1978 .57 .57 .43 
1977 .67 .67 .33 
1976 1 1 
1975 .67 .67 .33 
1974 1 1 
1973 1 1 
1972 1 1 
1971 .67 .67 .33 
1970 1 1 
1969 1 1 
1968 0 
1967 
I 1 
0 
| 1 | 1 1 | 
Col. 
1 
.84 
1 1  
.04 .05 .08 
Ave. 
1 1 |  1 | | . | 
Ave., 
| 
.80 
1 
.80 
I 1 1 
.04 .04 .11 
I/Tol 
1 I i 1 1 J | 
Value 
1 
.82 
1 
.82 
__l_ 1 1 
.04 
| j 
.045 
| 
.095 
used 
f drainfields (1969-1982) = .82 
f seepage pits . (1969-1982) = 0 
f new system (1969-1982) = .82 
Of only new systems: 
f drainfields (1969-1973) = 1 
f drainfields (1969-1982) = 1 
changes after 1973. 
SCS maps were used to identify soil types in each area. Then 
randomly selected septic systems were located on the maps to ensure 
that the dominant soil type was, in fact, the soil type in which most 
septic systems were located. Note that, in Grant Creek, no dominant 
soil type was identifiable due to the variability of the area soils. The 
system, if chosen here, would be located based on depth to ground 
water since this is a strong consideration in site selection. 
of Preliminary Study 
Table 24 lists results found for numbers and types of systems found 
in each area through 1982. OH systems were 53 % drainfield types. The 
RC area contained 64 % seepage pit systems. 18 % of the GC systems 
were seepage pits, whereas BF had virtually all drainfield systems. 
According to calculations, it appears that a drain field length of 
approximately 200 feet or a seepage pit with 6 rings is the 'average' 
system representative of those found in each area (Table 25). 
Since the Health Department was primarily interested in how well drain 
fields installed per current regulations are working as sewage treatment 
units, I focussed on these systems in the dominant soils in the areas of 
interest. It should be noted, however, that the large populations of 
seepage pits in some areas may also bear responsibility for degrading 
ground waters. It was not the purpose of this study to determine this 
possibility empirically, only to determine the possibility and extent of 
-175-
TABLE 24.—Results of Preliminary Study, 
System Type Breakdown 
Hap Counted Total Nuaber Total Number Total Number of 
Residences of Systeas of Drainfields [41 Seepage aits or 
Cesspools [51 
OH 1260 111 1644 [2] 981 863 
RC 56 379 [31 136 243 
GC 23 134 [3] 110 24 
BF 14 93 131 93 0 
[11 Available photo aap size Mas such that sotie difficulty Mas 
experienced in separating residences froa other structures. 
[21 Total Nuaber of Systeis = total number of peraits or 
inspections on file x f(new systems 1967 through 1982) • 1969 nap 
counted houses - the sua froa 1967 through 1969 of [total nuiiber 
of peraits or inspections on file x f(neM systeas 1967 through 
1969)1 = 988x.715+1260-E[(33x.88)*(47x.85)+(61x.88)] 
For OH area, earliest photo aap available Mas taken in 1969. 
[31 Total Nuaber of Systeas = total nuaber of peraits or 
inspections on file x f(ne* systeas 1%7 through 1982) + 2 x 
(the sua froa 1967 through 1973 of [the total nuaber of peraits 
and inspections x f(new systeas)]) 7 7] + nuaber of systeas froa 
1964 aerial counts. 1964 Photo aaps Mere used to count 
residences in the RC, GC and BF area. 
RC = 369x.78+2{[(24x.83)+17+14+(19x.6)+(36x.9)+27]/7}+56 
GC = 122x.815*2{[2+2+4+(7x.75)+15+(5x.67)+9]/7}+23 
Bf = 89x.82*2{[0+0+3*5M4x.67)+6t6]/7>*14 
[41 Total Nuaber of Drainfields = total nuaber of peruits and 
inspections of file x flnew drainfields 1967 through 1982) + 
[sua of f(neM systeas, drainfields 1967 through 19731/7) x [total 
nuaber of systeas - total nuaber of peraits and inspections on 
file 1967 through 1982 x fine* systeas 1967 through 1982] 
OH = 988x.475M5x(1844-988x.715) 
RC » 369x.36i.04x(379-369x.7B) 
GC = 122K.. 7+.71X(134-122*.815) 
BF * 89x.82ilxl93-89x.82) 
[5] Total nuaber of seepage pits or cesspools = total nuaber 
peraits and inspections on file x f(neM seepage pits, 1967 
through 1982 • {[the sua of f(new systeas, seepage pits 1967 
through 1973)] / 7) x [total nuaber of systeus - total nuaber of 
peraits and inspections on file, 1967 through 1982 x flneM 
systeas. 1967 tnrough 1982)1 
0H=988x.24*.55x(lB44-988x.715) 
RC=369x.42+.96x(379-369x. 78) 
GC=122*.115*.29x(134-122x.BI5) 
BF=89x0+0x(93-89x.82) 
TABLE 25.—Results of Preliminary Study, 
System Sizes and Soil Type 
Average Size Average Nuaber Dominant Soil Type 
Drainfield of Rings in on Much Host Systeas 
of Area [1] Seepage Pit are Located [3] 
of Area [21 
OH 179 6 26A or IS 
RC 198 6 5B 
GC 221 5 Mixed 
BF 211 0 26A 
[1] Average Size of Drainfield = {[nuaber of peraits and 
inspections 1967 through 1982 x flneM drainfields 1967 through 
1982) x (average size systea 1967 through 1982)] + [(total nuMber 
systeas - nuaber of peraits and inspections 1967 through 1982 x 
fine* systems 1967 tnrough 1982)] x ftneM systeas, drainfields 
1967 through 1973) x average size systea 19b7 through 1973) / 
{[nuaber of permits and inspections 1967 through 19fi2 x 
f(drainfields 1967 through 1982)] • [total nuaber of systeas -
nuaber of peraits and inspections 1967 through 1982 x fine* 
systeas 1967 through 1982)] x f( new systeas, drainfields 1967 
through 1973)} 
OH = u988x. 475x203]+[ (1844-988x. 475)x. 45x161])/{(988x.475) 
+[(1844-988x.475)x. 45) 
RC = {[369x. 78xl98]+[(379-369*. 78)x.04x176]>/{(369x.78) 
+[(379~369x. 78)x.04]> 
GC = {[122K. 70x2301+[(134-122*. 70)x. 71x199]>/{(122x. 70) 
+[(134-122x.70)K. 711> 
BF = {(B9x. 82*223]+[(93-89x.82)xlxl67]>/{(89x.82) 
+[(93-8Sx.82)xl]) 
[2] Froa observation of *(1969-1982) and *(1969-1973). 
[3] Peraits and inspections actually saapled Mere located on a 
soil aap and a tally taken of nuaber of systeas per soil type. 
The soil listed is that one in which the greatest nuaber of 
septic systeas Mere located. 26A is 6ranCsdale loaa. 
contamination derived from drain fields. Thus, one should keep in mind 
that there may be the additional factor of inputs from seepage pits to 
consider in viewing ground water degredation in some areas, particularly 
where ground waters are shallow, and pits may actually stand in ground 
water for part, if not all, of the year. 
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Appendix F 
Q§§£Ei£tion of Soil Water Samgler and Well Construction 
and Installation Procedures 
Ceramic cups were soaked in 20% H2S04 overnight, rinsed, dried, and 
epoxied to 1 1/2 inch washed and rinsed PVC pipe of appropriate 
length. A #10 two hole rubber stopper containing hollow glass rod 
through the holes was permanently taped to the top of each soil water 
sampler with duct tape. Before stopper insertion, one length of 
Nalgene plastic tubing extending inside to the bottom of the ceramic cup 
was attached to the base of one glass rod, and a short three inch 
piece to the other glass rod. Two more tubing pieces were connected 
to the top of each glass rod on the outside of the stopper along with 
tube sealing clamps and Nalgene quick disconnect nipples. 
The soil water samplers were set in a wash of 50% H2S04, pumped to 
-80 centibars vacuum and left for three hours. Soil water samplers 
were rotated to cover all internal surfaces with acid wash, and then 
wash was pumped out through tubing. Several deionized water rinses 
were used, placing the soil water samplers in a pail containing the water 
and pumping them to -80 centibars, rotating the soil water samplers to 
rinse all internal surfaces and evacuating the water as before through 
the tubing. Rinsing was continued in this manner until conductivity of 
the rinse water from the soil water samplers measured seven umhos or 
less using a conductivity meter. Ceramic cup tips were wrapped in 
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aluminum foil to keep them clean until installation. 
The deep soil water samplers were likewise constructed after the 
water table was determined to be around 8.5 feet below the ground 
surface. It was decided to set the ceramic tips at eight feet, which 
would be six inches above the projected high water table surface. 
Exploratory augering using a hand screw auger to install wells, 
however, proved to be impractical due to the difficulty experienced in 
penetrating rocks beginning anywhere from 12 inches to 24 inches below 
ground surface. The sand and gravel soils had a tendency to collapse 
back into the hole when the auger bucket was removed for emptying. I 
therefore decided to try pounding in a well (TSW) using a steel post 
pounder and 1 1/4 inch galvanized water pipe with a steel perforated 
screened well point attached. It was pounded in with difficulty to a 
depth of 12 feet before running into what is believed to have been a 
large cobble which could not be penetrated. The pipe was sealed 
around casing at 14 inches below the ground surface with three inches 
of bentonite clay granules and capped. 
Due to the difficulty of pounding in TSW, I decided to employ an 
augering system for installation using lengths of PVC for well casing. 
They were cleaned inside with water to remove dust, and slotted with a 
saber saw at 1 1/2 inch intervals on three sides of the pipe. There 
were three to four slots, each approximately 1 1/2 inchs in width per 
running inch of casing. Perforations were made to begin at eight feet 
below ground surface, and extended down the length of the pipe. 
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Since holes could not be hand augured to place soil water samplers 
and wells, a method utilizing a two walled pipe system was employed. 
The mechanism involved would allow simultaneous driving of a casing pipe 
with a pullable internal core with well point attached. Thus both could 
be driven, the inside core pulled, and the soil water sampler or well 
pipe inserted. The outside casing could then be pulled, leaving the 
soil water sampler or well pipe in place. 
On the first try with this system using a 75 lb. steel post pounder, 
the well point buckled going through rocks, and so great difficulty was 
experienced in pulling the internal core back out with the point 
scraping up the inside of the outer casing. A handyman jack was used 
for this operation. The point was then welded to a solid pipe without 
perforations. This dual casing method was used for soil water sampler 
installations. 
A great deal of time was involved in installing the deep soil water 
samplers with the steel post pounder due to the difficulty experienced 
in going through the rocks, so it was decided to use the UM Geology 
Department's 200 lb. weight to drive the pipe system. Even so, it 
took 1/2 hour to drive 10 inches and there were constant problems with 
pipe system breakage and repair due to the rocks. 
Initially, soil water samplers were being installed by inserting them 
down inside the outer casing, adding fine sand and bentonite clay 
between the soil water sampler and the outer casing, and then pulling 
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the outer casing. However, problems developed with clay swelling due 
to ground moisture and/or sand plugging at the bottom of the casing, so 
that, when the casing was pulled, the soil water sampler came back up 
with it. Instead, the researcher resorted to jacking up the casing 
pipe a couple of inches, pouring in sand, inserting the soil water 
sampler, jacking up the casing pipe a few more inches, pouring in more 
sand, and then pulling the casing before pouring bentonite clay in and 
tamping it down along the soil water sampler as deep as it would go 
before the hole was re-filled. 
On Site T, the deep soil water samplers were installed to the planned 
eight foot depth. Soils encountered here were extremely gravelly 
sand, with the amount of gravel increasing with depth. However, on 
Site H where soils had a sequence of surface loam to medium brown 
sandy loam underlain by cobbles, it was difficult to drive deeper than b 
feet, even using the tripod and 200 lb. weight. After attempting to 
drive several holes for deep soil water samplers and wells with no 
better success at any location, the deep soil water samplers were 
placed as deep as the drive system could be pounded in a reasonable 
amount of time. This resulted in instrument installation to 
approximately the six foot depth. 
Excavation was made across the second distribution arm of each 
drainfield system to locate pipes and insure the proper placement of 
the soil water samplers. 
Installed soil water samplers were protected by covering with a 
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capped 2 inch PVC pipe. Slits were cut across one section of each two 
inch pipe, and a metal hose clamp inserted and screwed down on the soil 
water sampler so that the protective covering could not easily be 
removed. All soil water samplers were test pumped to insure that a 
vacuum could be maintained. 
Realizing that ground water wells could not be installed using the 
pounding method, the services of GMT Consultants, a local exploratory 
drilling firm were engaged to install the wells using their hollow stem 
auger rig. On July 11, Bob Harlow brought in their largest rig. In 
drilling the HC well, Bob said that the auger was going through four to 
six inch cobbles at the eight foot depth. Although one inch gravel 
with interbedded silt layers came up with the auger screw, the cobbles 
pushed aside underground. On the TW well, the auger hit cobbles and 
gravel at two feet after passing through topsoil and silt. When Bob 
attempted to pull the core on well TSSW, the outer auger casing filled 
with silt so that the well pipe could not be inserted, and attempts to 
clear it were unsuccessful. When the core was removed, water and 
sediment were drawn into the pipe. 
On HSW and HW well holes, this problem occurred, but, even though the 
stem was finally cleared, the PVC casing inserted pulled out along with 
the auger when it was withdrawn, apparently because there was no good 
substrate contact to hold the pipe in place due to rocks. Well HSW 
pulled out higher than ground water and was dry. It was left in with 
hopes that, as the water table rose in the spring, it might become 
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useable. HW was deep enough so that water samples were obtainable 
for part of the test period. 
All wells were sealed one foot below ground surface with bentonite. 
The wells had filled with sand due to installation disturbance, so were 
flushed out with a hose used as a surge. 
In 1985, funding from Montana Water Resources Center enabled the 
drilling of ten more wells on the two sites. Fred Schmidt from Montana 
Bureau of Mines and Geology was able to drill the wells to the desired 
20 feet. These wells were also constructed and sealed as indicated 
above. TWelllO was set up as a vertical control in the Site T 
drainfield, so the two foot long screen extended only from 28 to 30 
feet. 
Notes on substrates encountered during the second year's well 
installations were kept: 
HC: at eight feet we were going through four to six inch in 
diameter cobbles. One inch diameter gravel came up with the auger bit, 
interbedded with silt layers occasionally. Soil sample was taken 
at 13.5 feet. This sample is mainly large gravels as the cobbles pushed 
aside during augering. 
TW: found about two feet of sandy and silt loam topsoil 
before gravel and cobbles were encountered. At 11 feet we ran into a 
gravel lens. 
TSSW: 4.5 feet of loam, then sand and gravel with the amount 
of gravel increasing with depth, as did the amount of cobbles. We ran 
into a silt lens at 11.5 feet. Well hole filled with sand and silt when 
the auger plug was pulled, so well was never useable. 
HSW: 2.5 feet of loam below ground surface, then sand and 
gravel phasing into cobbles with depth. Well pipe pulled out with auger 
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flight removal, so well was never useable. 
HW: 1.5 feet of loam to gravel, phasing to cobbles 
interbedded with finer gravels at eight feet and below. Gravels were 
.5 to .75 inches in diameter. Well pulled out of ground during auger 
removal, so was useable only during high water periods of the year. 
TWelll: hit gravel at four feet, interbedded with depth with silts. 
HWell2: heavy gravel encountered at two feet and below. Sample 
collected. Cobbles hit at 10 feet. Gravels were one to three inches 
in diameter, and were found associated with some medium sand layering 
at 15 feet. 
TWell3, 4: encountered gravel at five feet. TWell4 yielded much 
medium sand when surged. 
HWellS, 6: gravel found at five feet and below. There was not as 
much sand or other bedding materials associated with the gravel as that 
found on the other Site wells. 
TWell7: gravel encountered at five feet and below. Surging yielded 
a great deal of medium sand from this well. 
HWell9: medium sand came up with surge water. 
TWelllO: augered to 30 feet. Clay or silt was found at 20 feet 
down to bottom of hole as surmised from the ease of augering in this layer. 
However, only bottom two feet of the well was slotted, and when surged, 
well did not hold water. This indicates that water was rapidly moving 
into the aquifer which is atypical of wells seated in clay. I conclude 
that whatever clay, if present, is discontinuous with silts and sands 
interbedded which allowed rapid water movement outward. 
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Appendix G 
Correspondence 
F/^JUNIVERSITY 
of Montana 
Missoula, Montana 59812 
School  of  Forestry  
May 27,  1986 
Marge Verhey 
c /o  Bi l l  Woessner  
Geology Department  
Campus 
Dear  Marge:  
This  is  to  report  the resul ts  of  the cat ion exchange capaci ty  
I  determined on your  one soi l  sample.  I  hope the informat ion is  
s t i l l  of  use at  th is  date .  
The oven dry weight  of  the ent i re  sample was 1470.5  grams,  
the bulk  volume was roughly  900 ml  (±  5%),  for  a  crude bulk  densi ty  
of  1 .6  g /cc.  Of  the 1470.5  grams,  1107.Og (75.6%) was the f ract ion 
greater  thar><2mm in  s ize  and was excluded for  purpose of  CEC de­
terminat ion.  Two subsamples of  the <2mm f ract ion were extracted,  
and their  average cat ion exchange capaci ty  was 11.1  mi  11 iequivalents /  
lOOg of  2mm soi l  f ract ion.  Based on the above informat ion th is  
could a lso be stated as 2 .7  meq/ lOOg of  tota l  soi l  sample or  about  
55 meq/ l i ter  of  soi l  volume.  I f  you have any quest ions,  p lease 
contact  me.  
S i  ncerely ,  
Don A.  Essig 
Analyst  
DAE:sp 
Equal Opportunity in Kducalion and Kmpltnment 
School o( Sciences arid Health Professions 
Department of Biological Sciences • (80-1) .U'.i ''.'it, • r i- ii 'i v/> 2~!'08 8660 
OLD DOMINION 
UNIVERSITY 
13 Oct. 1986 
Ms. Margaret E. Ver Hey 
1333 S. Bahnson 
Sioux Falls, SD 57103 
Dear Ms. Ver Hey: 
The amphipods from the shallow well in Missoula, Montana (coll. May 1986) 
that you sent in late August are all Stygobromus tritus Holsinger, a blind, 
white stygobiont I described from a shallow well at Victor Crossing, Ravalli 
Co., Montana in 1974. The reference is Holsinger, J. R. 1974. Systematics 
of the subterranean amphipod genus Stygobromus (Gammaridae), Part I: Species 
of the western United States, Smithsonian Contributions to Zoology, 160:1-63. 
Dr. Sheldon probably has a copy of this paper. 
Your collecting sites appear to represent approximately the same type of 
habitat recorded for this species in Ravalli County. The latter is also 
found in Quaternary deposits on the floor of the Bitterroot River. According 
to the map you furnished, your localities are near the same river and not 
too many miles removed from the well at Victor Crossing. It is good to 
get this new and interesting range extension. 
Any additional amphipods that you can send me from the shallow wells 
around Missoula will be welcome. Thanks for your assistance. 
Sincerely 
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Appendix H 
Metals Analysis 
Literature Citations: 
Metals Associated with Septic System Effluents 
Bower, H. and R.L. Chaney, 1974. "Land Treatment of Wastewater" 
IN N.C. Brady, ed., Advances in Agronomy. Academic Press, NY. 
Brown, K. W. et al. "The Movement of Salts, Nutrients, Fecal 
Conforms and Virus below Septic Leach Fields in Three Soils" IN 
PE2£§?dings of the Second National Home Sewage Treatment 
Symposium. December 12, 13, 1977. ASAE, St. Joseph, MI. 
Found heavy metals ( Cu, Zn, Ni, Pb, Cd) adjacent to 
drainfield lines. In the three soils (sand to clay types) 
tested, no appreciable vertical movement was detected, and levels 
were lower than that which would cause problems in plant growth. 
Canter, L.W. and R.C. Knox, 1985. Chapter 3: "Ground Water 
Pollution from Septic Tank Systems" IN Septic Tank System Effects 
2D Ground Water Quality. Lewis Publishers, Inc. Chelsea, MI. 
Reported metals of concern originating from sewage effluent 
to be Pb, Sb, Zn, Cu, Fe, Cd, As. 
Miller, F. P. and D.C. Wolf. "Renovation of Sewage Effluents by 
Soil", pp. 89-117 IN Individual Onsite Wastewater Systems. NSF 
and USEPA Second Annual Conference. Ann Arbor Scientific 
Publishers, Inc., Ann Arbor, MI. 
Ca, Mg, Na, K, Fl, B reported associated with effluent from 
septic systems, p. 109, 111. Referred to Bower and Chaney for 
other information on metals associated with effluents 
Sandhu, S. S. , W.I. Warren and P. Nelson, 1976. "Identity and 
Evaluation of Pollutants in Rural Drinking Water Supplies", 
Research Bulletin # 7, South Carolina State College, Orangeburg, 
South Carolina. 
Found that, in wells tested, metals Fe, Pb, Hg, Mn, Cd, Cu, 
Zn, and As, were present in above background amounts, and that 
the presence statistically correlated with the presence of septic 
systems. These metals readily moved through the soils in the 
area. A possible source of Pb and Cd could be old plumbing. 
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TABLE 26.—Forestry Lab Iletals Analyses Results(ICP) 
Co fcrtt\S5.C09̂  C.OR.\ _ VXLE.S 4.-0?- S"6 
J  [ > ; I  A i  B  L  c A  C L I  L c j  C . L I .  F t ,  I ' l q  
D E  I  - - U N O 3  - 0 .  0 0 5  - 0 .  0 0  2  - 0 .  0 0 2  0 0 0 2  0 0 0  4  -- „ 0 0 0 8  - 0 .  0 0 0  0  .  0 0 - ' 3  
1 1 - 1 4  R I J  - 0 .  0 0 6  - 0 .  0 0 2  0 .  0 0 3  "  .  0 0 0 6  - . 0 0 0 9  0 0  J  5  -  0 .  0 0  1  - 0 .  0 0  3  
1 1 - 1 4  L - - 2  - 0 .  0 0 9  0 .  0  2  ! J  4 8 .  4 6 1  0 0 0  3  0 0 0  1  0 .  0 0 0 /  0  .  l - . J  3  3  1 5 .  4 0 0  
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Appendix I 
QyiiitZ Assurance / Quality Control Plan and QA/QC Results 
Septic System Study 1985 
Missoula, Montana 
Submitted by Margaret E. Ver Hey 
July 10, 1985 
Bill Woessner, Project Supervisor 
I. Project Description 
In 1984, two sites of domestic septic systems with drainfields in the 
Missoula Valley were instrumented with soil water samplers and wells. 
It was suspected that the systems were affecting the local ground 
water. Results of the testing season documented that contamination of 
the ground water below the drainfields was occurring. However, review 
of the project results indicated the need for emplacement of additional 
wells and a continuance of the work to establish the extent and 
concentrations of contaminant parameters found in the plumes extending 
from the sites. Thus, funding was applied for and granted in 1985 to 
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enable additional work to supplement that begun in 1984. To that end, 
approximately 10 additional wells will be added to the sites sampled in 
1984. Water sampling will occur monthly for approximately 8 months. 
Information gained from the study will be used by the Missoula 
City-County Health Department to assess existing septic system 
regulations in unsewered areas of similar soils. 
II* Project Organization and Responsibility 
This project is being conducted by Dr. William Woessner and graduate 
student Margaret Ver Hey. Dr. Woessner will oversee project 
development. Marge Ver Hey will assist Dr. Woessner by supervising any 
field work, collecting, preparing and analyzing water samples, processing 
data and developing the final report to be submitted to the Missoula 
City-County Health Department. This report will constitute Ms. Ver Hey's 
thesis which will be presented in partial fulfillment of requirements 
towards a master's degree at the University of Montana. 
III. QA Objectives for Measurement Data in Terms of Precision, 
Accuracy, Completeness, Representativeness, and Comparability 
1. Accuracy and Precision 
Objectives to be met by the QA/QC portion of this study for accuracy 
and precision are those stated in EPA's Methods for the Chemical 
Analyses of Water and Wastes. These are as follows: 
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Analjrte Accuracy, % Bias Precision, STDev 
TDS not determined not determined 
N03-N 102 *• -. 01 
NH3-N 91 «•-. 038 
0-P04-P 94 •-.023 
CI 104 >-.3 
Ha 102 *-. 8 
Conductance 100 umhos 98 *-7.6 
at 808 umhos 96.4 *-66.1 
1640 umhos 94.6 *-106 
Fecal Coliform NA NA 
Where accuracy of an analytical method has not been determined, it will 
be computed using EPA QA standards. Analytical precision will be 
determined by triplicate measurements of field samples. Where precision 
has not been determined, precision associated with EPA QA standards will 
be the objective. 
2. Completeness 
It is anticipated that 100 V. of all samples collected will be analyzed 
for all parameters. 
3. Representativeness 
Samples will be collected monthly. Samples for all analyses will be 
taken at the same location and at the same time for each site well. 
Temporal variations are expected, so concentrations will be averaged to 
achieve overall representativeness. Coliform counts will not be 
quantitative, but are used solely as an indication that microbial 
contamination is a possibility. 
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4. Comparability 
Analyte reported units will be as recommended in EPA's Standard 
Methods. 
IV. Sampling Procedures 
New wells will be augered into the expected areas of groundwater 
contamination plumes, through the drainfield area, and in the control 
area of the sites. 
Wells will be of 1 1/2 " PVC pipe which has been slotted and cleaned 
with tap water prior to installation. Bottom ends will be capped with a 
PVC cap to preclude entry of gravel into well. Holes will be augured 
with a Bureau of Mines drilling rig, PVC casing inserted, and sealed with 
bentonite clay 18" below the surface before completing back fill. Where 
necessary to clear sediment which enters well casing during installation, 
tap water will be used via hose to clear sediment from the well after 
drilling is concluded. Wells will be permitted to age for a minimum of 3 
days to ensure that introduced contamination is diluted by ground water 
prior to sample collection. 
Samples, including field reps and spikes, will be taken by inserting a 
clean length of Nalgene tubing down the casing to the ground water 
surface. The other end will be attached to a large glass collection 
jar. The collection jar will be attached to a water trap and a vacuum 
pump. When collecting water samples, four times the well volume will be 
evacuated to enable collection of a clean ground water sample. The 
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rinsate will be used to rinse out the collection jar. The final aliquot 
will be collected and poured into a marked Nalgene container and placed 
in a cooler for transport to the laboratory. 
Between sampling points, equipment will be rinsed with tap water and 
deionized water. When coliform count samples are also being taken, the 
equipment is rinsed with domestic tap water.- then with an H2S04 acid 
wash, then with tap water thoroughly, and finally, deionized water. 
Collected samples will be temporarily stored in an ice cooler 
immediately after collection and transported within five hours to the 
EVST Laboratory walk-in cooler. Coliform samples will be handled 
likewise, and delivered to the Missoula City-County Health Dept. for 
analysis. 
All sampling equipment will be cleaned with 25 '/. H2S04 wash. That 
equipment not involved in chloride analysis will be acid washed with 25 7. 
HC1. Washed equipment will be rinsed thoroughly with deionized water and 
air dried. The Health Department is responsible for cleaning bottles 
for coliform samples. 
After arrival at lab, samples will be measured for conductivity, 
filtered within 10 hours of collection, preserved, stored, and analyzed 
per EPA guidelines listed: 
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Analysis Storage Max. Holding Time 
N03-N 
NH3-N 
0P04-P 
Na 
CI 
Conductance 
TDS 
Coliform 
4 deg C. 
4 deg C. 
4 deg C. 
4 deg C. 
4 deg C. 
4 deg C. 
H2S04, pH <2 
H2S04, pH <2 
none 
HN03, pH <2 
none 
none 
none 
none 
28 days 
28 days 
48 hours 
6 months 
28 days 
28 days 
7 days 
4 hours 
Note that, although immediate field filtration and preservation of samples 
is required by EPA for Sodium (Na), this is being done as soon as 
possible after arrival in the laboratory. Field prep is not practical 
due to the logistics of cleaning equipment in the field under conditions 
where some samples contain gross contamination levels. 
V. Samgle Custody 
Field and laboratory custody will be the responsibility of the 
technician. A log will be kept indicating date of sample collection, 
preservation, analyses, and disposal. Fecal coliform samples will be 
delivered to the Health Department for analysis and disposal. A 
costody sheet indicating samples collected will be included and will be 
returned to the technician signed by the HD technician. HD technician 
will be responsible for sample disposal. 
VI. Calibration Procedures and Frequency 
All measurement equipment are calibrated per manufacturer's 
instructions at the recommended manufacturer's frequency, or before 
each analytical run. 
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Equipment Procedure Freguencjr Standard Source 
Jlettler 
analytical balance 
Bausch & Lomb 
Spectrophotometer 
Manual 
Conductivity 
A A Spec­
trophotometer 
SIA and 
NH4 probe 
YSI Manual 
EPA 600/ 
4-79020 
Mfr's manual 
Daily as used 
Every run 
Every reading, 
STDS at begin 
and end of run 
Every run 
Every run 
Known weights 
Known STDS 
STD method pre­
pared in lab 
Known STDS 
Known lab 
STDS 
VII. Analytical Procedures 
Analytical procedures will be those outlined below. Modifications are 
noted. 
Parameter 
Conductivity 
Ortho-Phosphate-P 
Nitrate-N 
Ammonia-N 
Chloride ion 
Total Dissolved 
Solids 
Sodium ion 
Fecal Coliform 
Procedure used 
EPA 600/4-79-020 
Method 120.1 
EPA 600/4-79-020 
Method 365.2 
EPA 600/4-79-020 
Method 353.3 
EPA 600/4-79-020 
Method 350.3 
EPA 600/4-79-020 
Method 325.1 
EPA 600/4-79-020 
Method 160.1 
EPA 600/4-79-020 
Method 273.1 
Varian Techtron 
AA Procedures 
Method 909 C 
APHAr 1975 
Verification note 
None 
Only ortho-P 
portion of method 
used 
Nitrate-N only, 
see note 1 below 
see note 2 below 
see note 3 below 
see note 4 below 
Notification notes 
These are non-equivalent to EPA methods listed above. 
1. N03-N - revision of Procedures 7.4 through 7.7: To 3 ml. of 
-197-
sample or an aliquot diluted to 3 ml. , add 25 ml. ammonium 
chloride-EDTA solution (6.4) and mix. Pour about 10 ml. of this 
solution through the column and discard. Cadmium column flow rate 
should have been previously adjusted to pass 7 - 10 ml. per 
minute. Setting should remain constant for entire analysis. 
Pour remaining solution through the column and collect the final 
10 ml. Place back in sample bottle. Rinse column between 
samples with 10 ml. deionized water. Within 15 minutes add .5 
ml. color reagent (6.6) to reduced sample and allow 10 minutes 
for color to develop. Read at 540 nm. absorbance within 2 hours. 
Procedure 7.Q: 
Handle standard preparation as in revision above. 
2. NH3-N - revision of Procedures 7.2 and 7.5: 
Place approximately 20 ml. of sample or standard in waxed paper 
cup. Immerse electrode into solution and add .2 ml. of 10N 
sodium hydroxide solution while mixing. Follow remaining 
directions as given in these procedures. 
3. CI - revision of Procedure 6.1: 
Dissolve 120 g. of FeNH4(S04)2-12H20 in approximately 500 ml. 
distilled water. Add 325 ml. of conc. HN03 and dilute to 1 liter 
with distilled water. 
Revision of Procedure 6.3.1: 
Prepare a series of standards from 1 to 40 mg/1. 
Revision of Procedure 7: 
Set spectrophotometer absorbance at 480 nm. and allow machine to 
warm up for 30 minutes. To 10 ml. sample or standard, add 2 ml. 
each of Hg(SCN)2 (6.2) and FeNH4(S04)2 reagent (6.1), swirling 
after each addition. Allow color to develop for 15 minutes 
before reading absorbance. 
4. TSS - revision of Procedure 7.3: 
Where collected sample size does not permit use of full 100 ml. 
for evaporating, a measured lesser amount will be used, and 
calculations adjusted accordingly. 
Run frequency of reagent blanks, standards, additions, duplicates and 
EPA standards will be 20% during each analysis. The Health Department 
is responsible for fecal coliform analysis. Their procedures follow the 
method listed above. 
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VIII. Data Analysis, Validation and Reporting 
Results of chemical analyses for samples, duplicates and splits will be 
calculated using EPA guidelines, compiled on the Water Chemistry Data 
and entered into computer data files. Means and standard 
deviations will be calculated from these files. A one-tailed t-test will 
be used to assess whether there are greater concentrations of 
parameters in the plume wells than is found in the control wells with 
the null hypothesis assuming no difference at the +- .05 significance 
level and accepted if t is < 1.051. For all calculations, N => 2. 
Field Sampling and Laboratory Prep Forms will be kept to record the 
progress of samples from collection to disposal. 5 % of the final data 
will be checked for correctness by tracing the data back to the site 
point sample from which it came. Replicate, spike and EPA standard 
data will be compiled for each run to provide proof of result validity. 
All data and results of statistical analyses will be compiled into 
report form and submitted to the Health Department and Thesis 
committee at the conclusion of the study. 
IX. Internal Quality Control Checks 
Calibration verification standards and reagent blanks will be used to 
assess internal control at the rate of one set of each per every 20 
samples analyzed. There will be approximately 40 samples analyzed per 
run. Readings obtained for these items will be recorded on Analyte Lab 
Data Sheet. If a greater than 10 7. drift is detected in readings, 
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corrective action will be taken. 
X. Performance and System Audits 
Performance audits will be conducted by technician routinely to ensure 
that QA objectives are being met at each step of this project. 
System audit will be conducted by the technician who is doing the work 
to ensure that the work is being done according to Sampling Procedures 
and Analytical Procedures outlined above. 
XI. Preventative Maintenance 
Technician will do preventative maintenance per manufacturer's 
recommended procedures on all equipment used. 
XII. Specific Routine Procedures Used to Assess Data Precision, 
Accuracy and Completeness 
Accuracy and precision will be assessed by examining analytical 
results of replicates, spikes and EPA known references (see Lab Data 
Sheet summaries for each). These data will be checked after each run 
to ensure that Objectives are being met as outlined above. 
Completeness will be checked from the Water Chemistry Data Sheet. 
XIII. Corrective Action 
Corrective action will be taken if, during analysis, the following levels 
are exceeded: 
-200-
Calibration verification 
Blank 
Spike 
10 Y. 
•- 10 % 
*- (bias * theoretical 
concentration) 
EPA Known STD 
Duplicate 
exceed warning limits 
precision 
Corrective action steps will proceed as follows: 
1. Recalibrate 
2. Repeat suspected analysis 
3. Recheck original sample bottle 
4. Rerun EPA known standard 
5. Rerun spike 
If above corrective action is unsuccessful, all analytical system 
operations will be checked per manufacturer's troubleshooting guidelines 
and problems corrected. If this procedure fails, analysis will be 
delayed until problem can be solved. If no solution is forthcoming 
within the storage constraints of the analyte, another analytical 
machine is available on campus for use. In the case of NH4 electrode 
malfunction however, no other equipment is available, so analysis can not 
proceed until a new electrode is purchased. 
XIV. Quality Assurance Reports to Management 
A memo assessing the success or failure of technician to meet the 
accuracy and precision objectives for each test parameter will be 
available to the project supervisor three weeks after the beginning of 
every run. 
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Standard Additions 
During the first analytical year, stepwise laboratory 
spiking only was done as demonstrated by the designation SA#. 
In the second year, a comprehensive QA program was begun. 
Designations are as follows: 
A replicate sample used 
B 200 ml. field sample plus amount of deionized water 
equal to the total volume of spike added 
DF field spike into 200 ml. deionized water 
DL laboratory spike into 200 ml. deionized water 
BSF field spike into 200 ml. field sample 
BSL laboratory spike into 200 ml. field sample 
Suffix designations: 
2 indicates well sample 
4 indicates soil water sample 
6 indicates septic tank sample 
X Recovery = 
([BSL or BSF, measured] - [B, measured])/{(IDL • DF, 
measured]/2)> X 100 
Where measured values are lacking, expected values are 
substituted. 
X Bias = ([measured]/[expected]> 
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N02 & N03-N N02 &N03-H 
Sampling Exp. Meas. X Re- X Sampling Exp. Meas. X Re- X 
Date & Cone. Cone, covery Bias Date & Cone. Cone, covery Bias 
Sample Sample 
840920 SA1 . 33 . 36 109. 2 BSF2 . 64 . 59 111 92. 2 
WH SA2 . 38 . 36 0 96. 5 L13 B4 . 14 . 13 92. 9 
SA3 . 43 . 43 70 100 DF4 . 09 . 05 55. 6 
SA4 . 48 . 48 80 100. 4 DL4 . 09 . 05 55. 6 
841003 SA1 . 72 . 73 102. 4 BSF4 . 23 . 17 80 73.9 
EPA SA2 . 82 . 80 70 98. 4 851114 B2 . 04 . 04 97. 6 
SA3 . 92 . 94 105 102. 3 TWL3 DF2 . 10 . 10 105. 3 
SA4 1. 02 1. 03 100 101. 2 DL2 . 10 .09 94. 7 
841107 SA1 . 07 . 08 114. 3 BSF2 . 14 . 14 105 102. 9 
EPA SA2 . 12 . 13 100 108. 3 BSL2 . 14 . 13 95 95. 6 
SA3 . 17 . 17 100 100 Lll B4 . 30 . 30 100 
SA4 . 22 . 23 100 104. 6 DF4 . 09 . 07 77. 8 
841114 none run DL4 . 09 . 09 100 
841205 none run BSF4 . 39 . 33 38 84. 6 
850109 SA1 0 . 02 BSL4 . 39 . 38 63 97. 4 
HST SA2 . 05 . 05 60 108. 0 851209 B2 . 11 . 11 100 
SA3 . 10 . 13 110 129. 0 WH DF2 . 80 .78 97. 5 
SA4 . 15 . 17 100 110. 7 DL2 . 80 . 79 98. 8 
850801 Del . 25 . 28 112 112. 0 BSF2 . 91 . 90 101 98. 9 
TW - 98 - 96 92 98. 0 BSL2 .91 . 88 98 96. 7 
HWL5 1. 16 1. 14 92 98. 2 L13 B4 . 31 . 30 95. 5 
L15 . 67 . 67 104 100 DF4 . 05 . 05 108. 7 
850903 B2 1. 32 1. 44 109. 1 DL4 . 05 . 05 108. 7 
TW DF2 . 79 . 73 92. 4 BSF4 . 36 . 39 180 108. 3 
DL2 . 79 . 74 93. 7 BSL4 . 36 . 36 120 100 
BSF2 2. 11 2. 00 76 94. 8 860211 B2 . 70 . 61 87. 5 
BSL2 2. 11 2. 02 79 95. 7 HWL2 DF2 . 10 . 11 112. 4 
L13 B4 .80 DL2 . 10 . 13 132. 7 
DF4 . 09 . 08 88. 9 BSF2 . 80 . 76 125 95.6 
DL4 . 09 . 08 88. 9 BSL2 . 80 . 83 183 104. 4 
BSL4 . 89 . 86 75 96. 6 L13 B4 . 54 . 59 108. 7 
850924 B2 . 39 . 44 112. 8 DF4 . 09 . 06 63. 8 
TSW DF2 . 09 . 10 111. 1 DL4 . 09 . 07 74. 5 
DL2 .09 . 14 155. 6 BSF4 . 64 . 63 62 98. 9 
BSF2 . 48 . 55 92 114. 6 BSL4 .64 . 63 62 98. 7 
BSL2 . 48 . 49 42 102. 1 860321 B2 .04 . 04 102.6 
L6 B4 . 04 . 09 225. 0 HWL2 DF2 . 10 . 08 81. 6 
DF4 . 16 . 16 100 DL2 . 10 . 08 81. 6 
DL4 . 16 . 16 100 BSF2 . 14 . 13 113 95. 2 
BSF4 . 20 . 21 75 105. 0 BSL2 . 14 . 13 113 95. 2 
BSL4 . 20 . 18 56 90. 0 860506 B2 . 10 . 11 111. 1 
851022 B2 . 17 . 19 111. 8 HWL2 DF2 . 49 . 49 100. 4 
TWL4 DF2 . 47 . 37 78. 7 DL2 . 49 . 49 100. 4 
DL2 . 47 . 35 74. 5 BSF2 
BSL2 
. 59 
. 59 
. 58 
. 61 
96 
102 
98. 8 
103. 9 
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NH3N HH3N 
Sampling Exp. Meas. X Re- X 
Date & Cone. Cone, covery Bias 
Sample 
1984 through 850109 none done 
850801 none done 
850903 B2 • 02 « 02 90. 0 
TW DF2 
DL2 
9. 
9. 
43 
43 
BSF2 9. 45 8. 77 93 92. 8 
BBL2 9. 45 a. aa 93 93. 4 
L13 B4 • 05 
DF4 8. 55 8. 09 94. 6 
DL4 8. 55 8. 04 94. 0 
BSL4 8. 59 8. 04 99 93. 6 
TST B6 22. 4 
DF6 8. 55 8. 12 95. 0 
DL6 8. 55 8. 40 98. 3 
BSF6 31. 0 31. 2 107 100. 7 
BSL6 31. 0 31. 4 109 101. 3 
850924 B2 • 05 • 06 120. 0 
TSW DF2 9. 43 9. 60 101. 8 
DL2 9. 43 10. 00 106. 0 
BSF2 9. 48 9. 70 98 102. 3 
BSL2 9. 48 9. 90 100 104. 4 
L6 B4 15. 6 13. 5 86. 5 
DF4 17. 2 17. 4 101. 2 
DL4 17. 2 17. 8 103. 5 
BSF4 32. 8 28. 6 86 87. 2 
BSL4 32. 8 28. 5 85 86. 9 
HST B6 40. 3 40. 3 100 
DF6 8. 55 9. 60 112. 3 
DL6 8. 55 9. 00 105. 3 
BSF6 48. 8 49. 9 103 102. 3 
BSL6 48. 8 49. 0 94 100. 4 
851022 B2 • 02 • 05 250. 0 
TWL4 DF2 4. 74 4. 28 90. 3 
DL2 4. 74 4. 15 87. 6 
BSF2 4. 76 3. 93 92 82. 6 
L13 B4 • 03 • 02 66. 7 
DF4 9. 15 7. 16 78. 3 
DL4 9. 15 7. 43 81. 2 
BSF4 9. 18 7. 11 97 77. 4 
TST B6 22. 3 22. 0 98. 7 
DF6 8. 58 6. 91 80. 5 
DL6 8. 58 6. 70 78. 1 
BSF6 30. 9 32. 1 148 103. 9 
851114 B2 • 01 • 02 128. 6 
Sampling Exp. Meas. X Re- X 
Date 4 Cone. Cone, covery Bias 
Sample 
TWL3 DF2 4. 76 4. 31 90. 6 
DL2 4. 76 4. 29 90. 1 
BSF2 4. 78 4. 31 100 90. 2 
BSL2 4. 78 4. 14 96 86. 6 
Lll B4 » 53 • 49 92. 5 
DF4 9. 22 8. 89 96. 4 
DL4 9. 22 8. 06 87. 4 
BSF4 9. 75 8. 55 95 87. 7 
BSL4 9. 75 8. 49 94 87. 1 
TST B6 29. 8 31. 5 105. 7 
DF6 8. 62 8. 97 104. 1 
DL6 8. 62 8. 78 101. 9 
BSF6 38. 4 40. 0 96 104. 2 
BSL6 38. 4 38. 8 82 101. 0 
851209 B2 bd bd 
WH DF2 4. 78 4. 43 92. 7 
DL2 4. 78 4. 12 86. 2 
BSF2 4. 78 , 4. 33 101 90. 6 
BSL2 4. 78 4. 04 100 84. 5 
L13 B4 • 61 • 60 98. 4 
DF4 4. 62 4. 14 89. 6 
DL4 4. 62 4. 19 90. 7 
BSF4 5. 23 5. 29 113 101. 2 
BSL4 5. 23 5. 90 127 112. 8 
HST B6 43. 2 48. 3 111. 8 
DF6 8. 6 5. 78 67. 2 
DL6 8. 6 10. 3 119. 8 
BSF6 51. 8 53. 9 70 104. 1 
BSL6 51. 8 54. 5 77 105. 2 
860211 B2 • 03 • 02 70. 4 
TW DF2 4. 88 5. 02 102. 9 
DL2 4. 88 4. 83 99. 0 
BSF2 4. 91 4. 67 94 95. 1 
BSL2 4. 91 4. 72 95 96. 1 
L13 B4 • 03 • 03 104. 0 
DF4 4. 71 4. 43 94. 1 
DL4 4. 71 4. 42 93. 8 
BSF4 4. 73 4. 52 102 95. 6 
BSL4 4. 73 4. 41 99 93. 2 
TST B6 26. 6 24. 5 92. 1 
DF6 8. 93 7. 89 88. 4 
DL6 8. 93 8. 52 95. 4 
BSF6 35. 5 37. 6 160 105. 9 
BSL6 35. 5 33. 5 110 94. 4 
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NH3N 
Sampling 
Date & 
Sample 
Exp. Meas. X Re- X 
Cone. Cone, covery Bias 
860321 B2 bd • 07 
HWL2 DF2 4. 88 3. 74 
DL2 4. 88 3. 68 
BSF2 4. 88 4. 58 
BSL2 4. 88 4. 40 
860506 B2 bd • 01 
HWL2 DF2 4. 88 4. 88 
DL2 4. 88 5. 24 
BSF2 4. 88 4. 61 
BSL2 4. 88 4. 30 
122 
117 
91 
85 
0P04P 
Sampling 
Date & 
Sample 
Exp. 
Cone. 
Meas. 
Cone. 
X Re­
covery 
840920 SAl . 023 . 028 124. 4 
TC SA2 . 048 . 052 96 109. 5 
SA3 . 073 . 079 102 109. 0 
SA4 . 098 . 104 101 106. 7 
841003 SAl . 171 . 170 99. 4 
SA2 . 198 . 197 100 99. 5 
SA3 . 225 . 223 98 100 
SA4 . 247 . 247 95 100 
841107 SAl . 025 . 021 84. 0 
EPA SA2 . 045 . 040 95 88. 9 
SA3 . 065 . 064 108 98. 5 
SA4 . 085 . 082 102 103. 7 
841119 SAl . 025 . 027 108. 0 
EPA SA2 .075 . 079 104 105. 3 
SA3 . 125 . 127 100 101. 6 
SA4 . 175 . 179 101 102. 3 
841205 SAl . 261 . 261 100 
HST SA2 . 266 . 265 80 99. 6 
SA3 . 271 . 273 120 100. 7 
SA4 . 276 . 277 107 100. 4 
850109 SAl .302 . 301 99. 7 
HST SA2 .352 . 349 96 99. 2 
SA3 . 402 . 391 90 97. 3 
SA4 . 452 . 439 92 97. 1 
850801 TWL4 . 205 . 209 102 102. 0 
TST . 267 . 288 124 107. 9 
850903 B2 . 148 
TW DF2 . 047 . 042 89. 4 
DL2 . 047 . 043 91. 5 
Sampling 
Date & 
Sample 
0P04P 
Exp. Meas. X Re- X 
Cone. Cone, covery Bias 
76.6 
75. 4 
93.9 
90.2 
100 
107. 4 
94. 5 
88. 1 
X 
Bias 
BSF2 . 195 . 181 78 92. 8 
BSL2 . 195 . 177 68 90. 8 
L13 B4 . 067 
DF4 . 042 . 040 95. 2 
DL4 . 042 . 042 100 
BSL4 . 109 . 078 27 71. 6 
TST B6 . 044 . 076 172. 7 
DF6 . 042 . 037 88. 1 
DL6 . 042 . 040 95. 2 
BSF6 . 086 . 086 26 100 
BSL6 . 086 . 089 34 103. 5 
850924 B2 . 054 . 051 94. 4 
TSW DF2 . 005 . 007 140. 0 
DL2 . 005 . 007 140. 0 
BSF2 . 059 . 057 86 96. 6 
BSL2 . 059 . 059 114 100 
L6 B4 . 065 . 059 90. 8 
DF4 . 085 . 086 101.2 
DL4 . 085 . 084 98. 8 
BSL4 . 150 . 132 86 88. 0 
BSF4 . 150 . 135 89 90. 0 
HST B6 .076 . 080 105. 3 
DF6 . 042 . 046 109. 5 
DL6 . 042 . 046 109. 5 
BSF6 . 118 . 126 100 106. 8 
BSL6 . 118 . 126 100 106. 8 
851022 B2 . 022 . 024 104. 4 
TWL4 DF2 . 047 . 054 114. 9 
DL2 . 047 . 047 100 
BSF2 . 069 . 071 93 102. 9 
L13 B4 . 074 . 076 102. 7 
DF4 . 045 . 044 97. 8 
DL4 .045 . 051 113. 3 
BSF4 . 119 . 117 86 98. 3 
TST B6 . 116 . 121 104. 3 
DF6 .043 . 047 109. 3 
DL6 . 043 . 046 107. 0 
BSF6 . 159 . 168 101 105.7 
851114 B2 . 040 . 038 95.0 
TWL3 DF2 . 048 . 047 97. 9 
DL2 . 048 . 047 97.9 
BSF2 . 088 . 088 106 100 
BSL2 . 088 . 086 102 97. 7 
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Sampling Exp. Meas. X Re- X 
Date & Cone. Cone, covery Bias 
Sample 
QP04P 
Lll B4 . 101 . 103 102. 0 
DF4 . 046 . 045 97. 8 
DL4 . 046 . 049 106. 5 
BSF4 . 147 . 146 92 99. 3 
BSL4 . 147 . 145 89 98. 6 
TST B6 . 103 . 108 104. 9 
DF6 . 043 . 049 114. 0 
DL6 . 043 . 049 114. 0 
BSF6 . 146 . 141 67 96. 6 
BSL6 . 146 . 150 86 102. 7 
851209 B2 .001 . 004 400. 0 
WH DF2 . 191 . 177 92. 7 
DL2 . 191 . 170 89. 0 
BSF2 . 192 . 174 98 90. 6 
BSL2 . 192 . 169 95 88. 0 
L13 B4 . 358 . 374 104. 5 
DF4 . 092 . 087 94. 6 
DL4 .092 . 088 95. 7 
BSF4 .450 . 463 102 102. 9 
BSL4 . 450 . 457 95 101. 6 
HST B6 . 332 . 336 101. 2 
DF6 . 172 . 154 89. 5 
DL6 . 172 . 162 94. 2 
BSF6 . 504 . 490 98 97. 2 
BSL6 . 504 . 495 101 98. 2 
860211 B2 . 441 . 427 96. 8 
HWL2 DF2 bd bd 
DL2 bd bd 
BSF2 . 441 . 438 99. 3 
BSL2 . 441 . 452 102. 5 
L13 B4 . 368 . 374 101. 6 
DF4 bd bd 
DL4 bd bd 
BSF4 . 368 .370 100.5 
BSL4 . 368 . 367 99.7 
TST B6 . 173 . 179 103. 5 
DF6 bd bd 
DL6 bd bd 
BSF6 . 173 . 179 103. 5 
BSL . 173 . 176 101. 7 
860322 B2 . 044 . 045 102. 3 
HWL2 DF2 . 049 . 034 69. 4 
DL2 . 049 . 036 73. 5 
Sampling Exp. Meas. X Re- X 
Date & Cone. Cone, covery Bias 
Sample 
0P04P 
BSF2 • 093 . 088 123 94. 6 
BSL2 • 093 . 088 123 94. 6 
860506 B2 • Oil . 015 136. 4 
HWL2 DF2 • 049 . 047 95. 9 
DL2 • 049 . 049 100 
BSF2 • 060 . 058 90 96. 7 
BSL2 • 060 . 058 90 96. 7 
ci 
840920 SAl 4. 23 4. 23 100 
TSW SA2 5. 27 4. 95 69 93. 9 
SA3 6. 30 6. 29 99 99. 8 
SA4 7. 34 7. 34 100 100 
841003 SAl 8. 9 9. 6 90 107. 9 
EPA SA2 9. 9 10. 5 105 106. 1 
SA3 10. 9 11. 7 110 107. 3 
SA4 11. 9 12. 9 108. 4 
841107 SAl 17. 2 17. 6 102. 3 
EPA SA2 18. 2 18. 4 80 101. 1 
SA3 19. 2 19. 2 80 100 
SA4 20. 2 20. 4 93 101 
841119 SAl 4. 7 4. 7 100 
HST SA2 5. 9 6. 0 108 101. 7 
SA3 7. 2 7. 2 100 100 
SA4 8. 4 8. 4 100 100 
841205 SAl 18. 5 18. 5 
HST SA2 17. 8 spike series 
SA3 19. 1 too low for 
SA4 23.4 determination 
850109 SAl 33. 7 33. 7 
HST SA2 34. 7 34. 5 80 99. 4 
SA3 35. 7 35. 6 95 99. 7 
SA4 36. 7 37. 1 113 101. 1 
850801 TST 50. 0 52. 0 106 104 
L9 53. 9 52. 0 96 103. 4 
TC 44. 2 44. 0 100 100. 5 
850903 B2 8. 3 8. 8 106 
TW DF2 53. 0 
A2 DL2 51. 4 
BSF2 60. 5 59. 4 97 98. 2 
BSL2 60. 5 57. 6 94 95. 2 
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Sampling Exp. Meas. X Re- X Sampling Exp. Meas. X Re- X 
Date & Cone. Cone. covery Bias Date & Cone. Cone, covery Bias 
Sample Sample 
Na N§ 
340920 SAl 5. 7 5. 7 A2 DL2 2. 4 
and SA2 6. 3 6. 3 100 100 BSF2 3. 6 3. 7 114 102. 8 
841003 SA3 6. 9 17. 4 975 152 L13 B4 14. 3 13. 6 94. 8 
EPA SA4 7. 5 7. 7 111 102. 7 DF4 3. 4 
841107 SAl 4. 4 4. 4 DL4 3. 6 
and SA2 7. 1 7. 2 104 101. 4 BSF4 17. 8 16. 8 91 94. 2 
841119 SA3 9. 8 10. 1 106 103. 1 TST B6 3. 6 3. 7 104. 5 
EPA SA4 12. 5 12. 5 100 100 A6 DF6 2. 13 
841205 SAl 3. 1 3. 1 DL6 2. 14 
HST SA2 3. 3 3. 3 100 100 BSF6 5. 7 5. 8 98 102 
SA3 3. 5 3. 5 100 100 851114 B2 . 90 . 83 92. 2 
SA4 3. 7 3. 7 100 100 TWL3 DF2 1. 43 
850109 SAl 9. 7 A2 DL2 1. 41 
HST SA2 5. 1 forgot . to BSF2 2. 3 2. 34 106 101. 1 
SA3 5. 0 spike BSL2 2. 3 1. 78 67 77. 4 
SA4 5. 0 LI 1 B4 3. 2 2. 99 93. 4 
850801 no spiking done for run A4 DF4 2. 23 
850903 B2 2. 3 2. 0 87 DL4 2. 18 
TW DF2 1. 0 BSF4 5. 4 5. 4 109 100 
A2 DL2 1. 0 BSL4 5. 4 5. 4 109 100 
BSF2 3. 3 3. 7 170 112. 1 TST B6 2. 4 2. 75 114. 6 
BSL2 3. 3 3. 8 180 115. 2 A6 DF6 1. 83 
L13 B4 5. 6 DL6 1. 83 
A4 DF4 1. 1 BSF6 4. 2 4. 73 108 112. 1 
DL4 1. 1 BSL6 4. 2 4. 73 108 112. 1 
BSL4 6. 7 7. 2 146 107. 5 851209 B2 2. 3 2. 3 100 
TST A6 B6 9. 5 WH DF2 4. 16 
DF6 1. 1 A2 DL2 4. 18 
DL6 1. 4 BSF2 6. 5 6. 56 102 101. 5 
BSF6 10. 7 12. 2 216 113. 6 BSL2 6. 5 6. 54 102 100. 6 
BSL6 10. 7 11. 7 176 109 L13 B4 4. 4 4. 25 97. 1 
850924 B2 5. 9 6. 1 103. 4 A4 DF4 . 36 
TSW DF2 1. 8 DL4 . 36 
DL2 1. 9 BSF4 4. 7 4. 75 139 101 
BSF2 7. 8 8. 1 108 104 BSL4 4. 7 4. 73 133 100. 6 
BSL2 7. 8 7. 8 92 100 HST B6 5. 6 5. 52 98. 6 
L6 B4 8. 5 7. 4 87. 1 DF6 . 77 
A4 DF4 2. 2 DL6 . 77 
DL4 2. 1 BSF6 6. 3 6. 33 105 100. 3 
BSF4 10. 7 11. 5 191 107. 5 BSL6 6. 3 6. 28 99 99. 7 
BSL4 10. 7 11. 6 195 108. 4 860211 B2 3. 7 3. 53 95. 4 
HST B6 12. 2 12. 2 100 HWL2 DF2 bd ( . 08) 
A6 DF6 2. 2 A2 DL2 bd ( . 07) 
DL6 2. 1 BSF2 3. 8 3. 84 102 
BSF6 14. 4 14. 5 107 100. 9 BSL2 3. 8 3. 99 106 
BSL6 14. 4 14. 5 107 100. 9 L13 B4 5. 7 5. 62 98. 2 
851022 B2 1. 1 . 9 90 A4 DF4 bd ( . 07) 
TWL4 DF2 2. 5 
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EPA Knovn Standards 
Note that most observed values do fall within the EPA's 
95 '/. Confidence Interval. 
!. Accuracy = 100 ((observed]-[EPA]) /CEPA] 
Sampling EPA 95'/. CI Observed X Sampling EPA 95% CI Observed X 
Date Value Value, Accuracy Date Value Value, Accuracy 
Reps Reps 
Conductivity N02N and NQ3N 
841107 568 504-624 478,490 -15 850109 . 18 . 14-.22 . 19, .24, . 19 16.7 
041119 none run 850801 . 20 11. 1 
841205 none run .25 38.9 
850109 none run 850903 .17 -5.6 
850801 520,520 -8.5 850924 1.6 1. 44-1.76 1.37 -14.4 
850903 520 -8. 5 851022 .51 -68.1 
850924 108 95-119 103 -4.6 851114 1.52 -5 
851022 104 -3. 7 851209 1.60 0 
851114 568 504-624 445 -21.7 860211 . 18 . 14-.22 . 18 0 
851209 448 -21. 3 860321 . 17 -5.6 
850211 none run 860506 . 14 . 10-.18 . 15 7.1 
850321 1377 - 1377 0 1.43 1. 28-1.56 1.40 -2. 1 
134 - 135 . 9 
14 - 14 0 NH3N 
850506 552 - 524 -5. 1 840920 1.9 1 .7-2. 1 2.6, 2.9 45 
534 -3. 3 and 841003 
841107 . 28 . 24-. 32 . 41 46.4 
N02N and N03N and 841119 
841205 . 40 42.9 
840920 1.43 1.28-1.56 1. 50 4. 9 850109 . 15 . 11-. 19 . 24 60 
841003 1. 47 1. 43, 1. 44 .7 850801 . 14 -8. 7 
841107 . 14 .10-.18 . 19, . 14, . 16 14. 3 850903 . 16 3.3 
841119 • 15, . 15, . 15 7. 1 and Q41003 
841205 • 14, . 12, . 13 -7. 1 
Sampling EPA 95'/. CI Observed '/. 
Date Value Value, Accuracy 
Reps 
HH3N 
841107 .28 .24-. 32 .41 46.4 
and 841119 
841205 • 40 42.9 
850109 .15 .11-. 19 • 24 60 
850801 « 14 -8.7 
850903 • 16 3.3 
850924 1.52 1.3-1.7 1. 52 0 
851022 1. 36 -10.5 
851114 1. 24, 1. 23 -18.8 
851209 1. 08, 1. 30 -21.7 
860211 .15 .11-. 19 • 13 -13.3 
860321 . 14, . 14 -6.7 
860506 to
 
CD
 
to
 
»£»
 
u>
 
to
 
* 31 8.9 
1.9 1.7-2. 1 1. 77 -6.8 
0PQ4P 
840920 .35 .33-. 37 . 35, . 36 .9 
841003 # 35, .34, . 34 -2 
841107 .05 .03-. 07 .04, . 05 -6 
841119 • 49, . 49, . 05 590/8 
841205 • 05, . 05, . 05 1.3 
850109 .04 .02-. 06 . 04, . 04, . 04 7. 5 
850801 * 04 7. 5 
850903 04 -12. 5 
850924 .27 .25-. 29 • 28 2.6 
851022 28 3.7 
851114 • 27 .7 
851209 . 26 -3 
860211 .04 .02-. 06 • 03 -22. 5 
860321 , 04 -7. 5 
Sampling EPA 95'/. CI Observed X 
Date Value Value, Accuracy 
Reps 
0P04P 
860506 .05 .03-. 07 .05 2 
.35 .33-. 37 .36 2.3 
NA 
840920 8. 2 7.3-9.3 8. 6, 8. 6, 8. 6 4.9 
and 841003 
841107 46.5 41.5-50.3 34.9,37.8, 
and 841119 34.2 -23.4 
841205 45.6 -1.9 
850109 none run 
850801 45. 4 -2.4 
850903 38.5 -17.2 
850924 8.2 7.3-9.3 8.7 6. 1 
851022 8. 4,8. 4,8.6,8.7 4.0 
851114 46.5 41.5-50.3 48.6 4.5 
851209 48.8 5 
860211 none run 
860321 none run 
QL 
840920 17.8 16. 1-19.9 19.7 10.7 
841003 18.9, 19.8, 19.6 9. 2 
841107 85.3 80.2-91.4 86.0,87.2, 
87. 2 1.8 
841119 89.0, 89.0,88.4 4. 1 
841205 89. 1,82.1,84 -.2 
850109 none run 
850801 84,86,85 .4 
850903 86.6,86.6 0 
Sampling EPA 95% CI Observed V. 
Date Value Value, Accuracy 
Reps 
CL 
850924 17.8 16.1-19.9 19.2,20.1 10.7 
851022 18.4,18.3 3.4 
851114 85.3 80.2-91.4 84.9,88.0 1.4 
851209 87.8,87.2 2.6 
860211 none run 
860321 none run 
860506 80.8 75.5-86.3 76.5,81.1 -2.5 
TDS 
850801 320 280-373 424 32.5 
850903 406 26.9 
850924 44 28-75 77 74.2 
Bd 
841119 5.7 5.58-5.82 5.67 5 
Replicate Analyses 
Notes concerning u, f, m, g: Initially, all samples were 
filtered. Due to the amount of time involved in this process, a 
trial set of soil water samplers were compared, one of which was 
filtered (f) and the other of which was not <u). Based on 
findings, soil water sampler filtering was discontinued as the 
ceramic cup pore size adequately precludes particles. Well and 
septic tank samples containing high levels of colloidal materials 
clogged the .45 micron membrane filter, presenting problems in 
the filtering process. Thus, a set, one membrane filtered (m) 
and the other glass fiber filtered (g) were compared. It was 
found that, since these samples are highly diluted to bring them 
into analytical range, the amount of colloidal matter left due to 
glass fiber filtering only does not appreciably influence 
analyses, so membrane filtration was not used for the septic 
tanks, TWL1 and HWL2, septic. 
u> 
i 
Note concerning some soil water sampler results: 
Where marked by «, bottles Lll, L13 and A4 are dissimilar due to 
stratification of the sample water in the soil water sampler. 
When sampled, the sampling tube removes the effluent at the 
bottom of the sampler first, into bottle Lll or L13, and the 
second into A4; thus, the difference in concentrations. 
Sampling Sample Replications Mean StdD Sampling Sample Replications Mean StdD 
Date Date 
Conductivity Conductivity 
840920 TC 280, 280 280 0 841205 none run 
841003 HC 282, 280, 292 285 6 850109 none run 
841107 EPA 478, 490 484 9 850801 Lll 580,530 555 35 
HC 253, 260, 260 258 4 EPA 520,520 520 0 
841119 HC 317,326,317 320 5 850903 none run 
Sampling Sample Replications Mean 
Date 
Conductivity 
850924 TWL4 310,340rep 325 
HST 950,825 888 
851022 TST 680,690 685 
TWL4 350,350 350 
TWL10 315,310 313 
851114 TWL3 298,298 298 
Lll 440,430 435 
TST 600,590 595 
851209 WH 300,300 300 
HST 1000,1010 1005 
860211 HWL2 720,720 720 
TST 800,810 805 
Lll 690,700 695 
860321 HWL5 341,330 336 
860506 EPA 524,534 529 
TWL7 405,415 410 
NQ2 & N03-N 
840920 TC .77,.73,.76 .75 
5 std .51 
841003 EPA 1.47,1.43,1.44 1.45 
HC .55, .53, .63 .57 
.5 std .49 
841107 .5 std .49,.49 .49 
HC .32, .44,. 49 .42 
EPA . 19, . 14, .16 .16 
841119 EPA .15, .15, .15 .15 
HC .54, .57, .62 .58 
L4 .75, .75 .75 
.5 std .50 
841205 EPA .14,.12,.13 .13 
Sampling Sample Replications Mean StdD 
Date 
H02 & N03N 
.5 std .47 
L4 1.40, 1.38,1.33 1.37 .04 
L9 .llu,.13f . 12 .01 
L15 .65u,.66f .66 .01 
EPA#2 . 34,. 34, . 35 .34 .01 
850109 .5 std . 51 
EPA .19, .19, .24 .20 .03 
L13 1.40u, 1.17f 1.29 . 16 
L9 2.13u, 2.09f 2.11 .03 
WH .93, .84 .88 .06 
HC .84,.80 .82 .03 
850801 L3 .81f, .85u .83 .03 
L15 .83f,.84u .86 .04 
Lllrep .80,.81 .81 .01 
850903 TW 1. 48,1. 32 1.40 . 11 
850924 TWL4 3. 24rep, 3. 50 3.37 . 18 
• 5 std .48,.50 .49 .01 
L6 .47,.44 .46 .02 
TSW .46,.41 . 44 .04 
851022 TWL4 . 18, . 19, . 17 . 18 .01 
L13 .16,.15 . 16 .01 
L7 1. 64u, 1. 75f 1.70 .08 
L6 .31u,.31f .31 0 
TWL10 .29,.30rep2 .30 .01 
851114 Lll .34, .31 . 33 .02 
TWL3 . 38, . 34 .36 .03 
851209 WH .35, .34 .35 .01 
• L13 .20,.34 .27 . 1 
860211 L8 .07, .07 .07 0 
HWL2 .74, .69 .72 .04 
EPA .18,.18 . 18 0 
.5 i std .14,.14.14 . 14 0 
L5 135.2, 138.0 137.0 1. 97 
Sampling Sample Replications Mean 
Date 
StdD 
N02 & N03N 
860321 .5 std .50,.48,.48 .49 .02 
HWL5 .78, .89 .84 .08 
860506 TWL7 .64, .64 .64 0 
• 5 std .51 
NH3N 
840920 L2 4.95,4.09 4.52 .61 
and TC .008,.007, . 007 . 007 0 
841003 HC .012, .011, .011 .011 0 
841107 TC . 005, . 005, . 006 .006 0 
and HC .1 008, .008, .012 . 009 .002 
841119 
841205 L9 43. 3u, 44.5f 43. 9 .89 
L15 .03f,.02u .03 .03 
850109 L9 22. Of, 21. 4u 21.7 . 37 
L13 6. 97f, 7. OOu 6. 99 .02 
850801 TST 33. 2, 31.0 32. 1 1.6 
Lll . 03, . 05 .04 . 01 
L3 7. 68u, 7.24f 7. 46 . 31 
L15 .41u,.04f .22 . 26 
850903 TW . 03, . 02, . 02 .02 .007 
TST 26.5, 25.9 26. 2 . 42 
850924 HST 47. 7, 46. 5 47. 1 . 85 
TWL4 bd, bd bd 0 
851022 TWL4 .02, .02 .02 0 
TWL10 
•H o
 
o
 .01 . 002 
TST 27. 0m, 26. 5m, 
25. Og 26. 2 1.0 
851114 EPA 1. 24, 1. 23 1. 24 . 01 
TWL3 .01, .02 .02 .002 
Sampling Sample Replications Mean StdD 
Date 
NH3N 
Lll . 58,. 58 .58 .002 
TST 33.7,35.4 34.6 1.20 
851209 WH .01, .01 .01 .004 
*L13 1.95, .66 1.30 .92 
HST 50. 8, 52. 0 51.4 .85 
860211 HWL2 . 03,. 02 .03 .01 
•Lll .03,21.1 10.6 14.9 
TST 30. 5, 29. 9 30.2 .42 
860321 HWL5 .01, .02 .02 .003 
EPA . 14,. 14 . 14 0 
860506 TWL7 
H
 
o
 
H
 
o
 .01 .001 
0P04P 
840920 TC .046, .046, .043 .045 .002 
841003 . 25 std .250,.252 .251 .001 
HC .013, .013, .013 .013 0 
841107 EPA .042, .045, .045 .044 .002 
.2 std .201 
HC .004, .005, .005 .005 .001 
841119 EPA .491,. 491,. 054 .345 . 252 
HC .008, .008, .012 .009 .002 
841205 EPA .045, .050, .050 .048 .003 
. 2 std . 203 
L9 .225u,.241f .233 .011 
L15 .lOlu,.103f . 102 . 001 
850109 L13 .326u,.330f .328 .003 
L9 .125u,.132f . 129 .005 
850801 HWL9 .022, .022 .022 0 
L8 .067, .065 .066 .001 
L3 .lllu,.113f . 112 .001 
L15 .lOlu,.lOSf . 105 .005 
Sampling Sample Replications Mean 
Date 
StdD 
0P04P 
i 
ro 
h--
& 
I 
TST .079,. 067 .073 • 008 
Lll .094,. 100 .097 • 004 
LI bd, bd 
TWL3 .398,. 352 .375 • 033 
850903 TST .048,. 053 .051 • 004 
TW .158,. 156 . 157 « 001 
L13 .076,. 079 .078 « 002 
850924 HST . 089, . 089 .089 0 
TWL4 . 252, . 262 . 257 007 
L6 . 076, . 075 .076 • 001 
TSW .057,. 062 .060 • 004 
851022 TWL4 .230,. 234 . 232 . 003 
TWL10 .017, . 017rep .017 0 
L6 .137u, . 140f . 139 . 002 
17 .  116u, . 108f . 112 • 006 
L13 .092, . 090 .091 • 001 
TST .138m, . 140g 
. 146m, • 141g . 141 003 
851114 TWL3 .042, . 042 .042 0 
Lll .124,. 121 . 123 . 002 
TST .121,. 124 . 123 . 002 
851209 WH .005,. 010 .008 . 004 
»L13 .370,. 407 .389 . 026 
HST . 383, . 386 . 385 . 002 
360211 HWL2 . 468, . 436 . 452 . 023 
TST .195,. 199 . 197 . 003 
L8 .254,. 254 . 254 0 
860321 HWL5 
2 std 
.055, . 
. 198 
057 . 056 • 001 
860506 TWL7 
2 std 
.029, . 
.202 
029 .029 0 
Sampling Sample Replications Mean StdD 
Date 
Na 
840920 TC 8.3,8.4,8.1 8.3 .2 
and EPA 8. 6, 8. 6, 8. 6 8.6 0 
841003 HC 8.1,7.7,7.7 7.8 .2 
5 mg/1 std 4.9 
841107 L14 118,119,121 119 1 
and HC 7.6,7.6,7.6 7.6 0 
841119 EPA 37. 8, 34. 9, 34. 2 35.6 1. 9 
HST 104.5, 105 104.8 .4 
841205 L15 70. 7u, 71. 6f 71.2 .6 
L9 57. Ou, 58. 8f 57.9 1.3 
850109 L13 93. 4u, 92. 7f 93.1 .5 
L9 53. 2u, 53. Of 53.1 . 1 
850801 TST 9.7,9. 4 9.5 .2 
Lll 7. 1,7. 1 7.1 0 
L3 11.5u,11.6f 11.6 . 1 
L15 5. 6u, 5. 6f 5.6 0 
85903 TW 2. 4,2. 4 2.4 0 
TST 11. 1, 11.0 11. 1 . 1 
850924 HST 14. 5, 14. 1 14.3 . 3 
L6 9. 9, 10. 1 10.0 . 1 
TWL4 12. 1, 12.3 12.2 . 1 
351022 TST 4. 2, 4. 1 4.2 . 1 
TWL4 13.0, 12.6 12.8 . 3 
L6 4. 3u, 3. Of 3.6 .9 
L7 7. 4u, 7. 5f 7. 4 . 1 
TWL10 7. 4, 7. 5 7.4 . 1 
HST 15. 9m, 15. 3g 15.6 .5 
EPA 8. 4, 8. 4, 8. 6, 3. 7 8. 5 .2 
851114 TWL3 10.5,10. 1 10. 3 . 3 
Lll 33. 3, 37. 8 38. 0 . 4 
TST 36.0,35.8 35.9 .2 
Sampling Sample Replications Mean StdD 
Date 
Na 
851209 L13 130,117 123.0 9. 1 
HST 167,170 168 2. 3 
WH 7.3,7.4 7.3 • 1 
860211 HWL2 3.9, 3.6 3.8 2 
L13 6. 1,6.0 6. 1 1 
TST 3.7,3.6 3.7 1 
860321 HWL5 2.5,2.5 2.5 0 
860506 TWL7 9.2,9.2 9.2 0 
EPA 4.8,4.7 4.7 • 1 
QL 
840920 TC 4. 3, 4. 3, 4. 5 4. 4 . i; 
20 std 20. 16 
841003 20 std 20.1 
EPA 18.9, 19.8, 19.6 19. 4 • 5 
HC 4.0,4.0,4.0 4.0 0 
841107 20 std 20.1 
HC 4.0,4.0,4.0 4.0 0 
EPA 86.0,87.2,87.2 86.8 7 
841119 20 std 19.9 
HC 4. 0, 4. 2, 4. 1 4. 1 . 1 
EPA 89. 0, 89. 0, 88. 4 88. 8 3 
841205 EPA 89. 1, 82. 1, 84. 0 85. 1 3. 6 
L9 24. 2u, 24. 2f 24. 2 0 
L15 22. 5u, 23.If 22. 8 .  4 
850109 HC 5. 0, 5. 2, 5. 0 5. 1 . 1 
15 std 14.7 
L9 25. 6u, 25. 6f 25. 6 0 
L13 42. 2u, 42. 8f 42.5 . 4 
850801 EPA 84, 86 85 1 .  4 
L3 40f,41u 40. 5 . 7 
Sampling Sample Replications Mean 
Date 
StdD 
Q1 
L15 20f,22u 21 1. 4 
Lll 22,23 22.5 .7 
850903 TST 30. 5, 30. 5, 29 30.0 .9 
TW 8. 8, 9. 5, 9. 3 9.2 .4 
L13 29.8, 30.5 30.2 .5 
850924 L6 4.2,4.2 4.2 0 
TSW 3. 5, 3. 5 3.5 0 
HST 17.3, 13.2 15.3 2.9 
851022 L7 18. 4u, 17. 3f 17.9 .8 
TST 6. lm, 5. 7g 5.9 .3 
L6 19. Ou, 18. 8f 18.9 . 1 
TWL4 4.5,4.4 4.4 . 1 
EPA 18.3, 18.4 18.4 . 1 
TWL10 3. 8, 3. 8rep 3.8 0 
L3 36. 2, 36. 4 36.3 . 1 
851114 TST 5. 5, 5. 3 5.4 .2 
EPA 17.0, 17.6 17.3 . 4 
TWL3 4.7, 4.7 4.7 0 
•Lll 8. 1,31.6 19.9 16.6 
851209 EPA 17.6,17. 4 17.5 . 1 
•L13 8.4,9.5 9.0 . 8 
WH 4.0, 3. 9 4.0 . 1 
HST 22. 4,21.4 21. 9 . 7 
850211 TST 6.2,6.2 6. 2 0 
HWL2 14. 3, 13.7 14.0 . 4 
L13 8. 3, 8. 3 8. 3 0 
5. 0 std 5.0, 4.9 5.0 . 1 
860321 HWL5 4. 3, 4. 4 4. 4 . 1 
2 !0 std 20,20 20.0 0 
860506 TWL7 4.8,4.7 4. 8 . 1 
20 std 20.0,20.2 20. 1 . 2 
Sampling Sample Replications 
Date 
IDS 
850801 Lll 543,549 
TST 552,592 
L3 643u,675f 
L15 483u,524f 
850903 TW A2 368,359 
TST 611,586 
850924 HST 731,720 
L6 523,541 
TWL4 314,310 
841003 HC 7.25,7.23,7.16 
841107 HC 7.37,7.34,7.31 
841119 HC 7.39,7.34,7.32 
Mean StdD 
546 
572 
659 
504 
364 
599 
726 
532 
312 
4.2 
28.3 
22.6  
29.0 
6.4 
17.7 
7.7 
12.7 
2 . 8  
7. 21 
7. 34 
7. 35 
.05 
.03 
.04 
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Raw Data: MIsBOula Valley Onslte Septic System Study. 1984 - 1986 
K e y  t o  A b b r e v i a t i o n s :  
I 
r - o  
N> 
O 
I 
S o i l  W a t e r  S a m p l e r s  
L I  
L 2 - L 5  
L 6 - L 9  
L  1  0  
L 1 5  
L1 2 
L 1  4  
L  1  6  
C l a r k ' s  
L I  1  
L1 3, 
R I V R  
W H  
N D ,  S D  
T S T  
H S T  
H C ,  T C  
S i t e  H ,  S h a 1 1 o w  
S i t e  H ,  S h a l 1 o w  
S i t e  T ,  S h a 1 1 o w  
S i t e  T ,  S h a l 1 o w  
S i t e  T ,  D e e p  
S i t e  T ,  D e e p  
S i t e  H ,  D e e p  
S i t e  H ,  D e e p  
F o r k  R i v e r  b e l o w  
C o m m u n i t y  W e l l  H o u s e  
I r r i g a t i o n  D i t c h e s  
S i t e  T  S e p t i c  T a n k  
S i t e  H  S e p t i c  T a n k  
C o n t  r o 1  W e  1 1 s  
C o n t  r o 1  
D r a  i n f i e l d  
D r a i n f i e l d  
C o n t  r o 1  
D r a  i n f i e l d  
C o n t  r o 1  
D r a  i  n f  i  e 1 d  
C o n t  r o 1  
R e s e r v e  S t .  B r i d g e  
R e m a i n i n g  p o i n t s  a r e  p l u m e  w e l l s  i n  o r  d o w n  g r a d i e n t  f r o m  t h e  t w o  d r a i n f i e l d s  
S A M P T  
D A T E  
C O N D  
N 0 3 N  
T O T N  
N H 3 N  
0 P 0 4 P  
N A  
C L  
F C  
T D S  
W T R E L  
S a m p  1 i n g  P o i n t  
Y e a r / M o n t h / D a y  o f  s a m p l i n g  
C o n d u c t i v i t y ,  u M h o s / c m  
N i t r a t e  a n d  N i t r i t e  N i t r o g e n ,  m g / 1  
N i t r a t e ,  N i t r i t e  a n d  A m m o n i a  N i t r o g e n ,  m g / 1  
A m m o n i a  N i t r o g e n ,  m g / 1  
O r t h o - p h o s p h a t e  P h o s p h o r u s ,  m g / 1  
S o d i u m ,  m g / 1  
C h I  o r  i d e ,  m g / 1  
F e c a l  C o l i f o r m ,  c o u n t / 1 0 0  m l  
T o t a l  D i s s o l v e d  S o l i d s ,  m g / 1  
G r o u n d  W a t e r  E l e v a t i o n ,  +  3 1 2 0  =  H e i g h t  A b o v e  M S L ,  f t  
EJ L> \t •a 
TJ 
a (D 
PJ 0 
rt a 
PJ H' 
X 
cn 
(t> t-
rt 
K e y  t o  D a t a  C o d e s :  
C O N D  t o  T D S  0  B e l o w  D e t e c t i o n  
- 1  N o  S a m p l e  
S o i l  W a t e r  S a m p l e r s  ( L # )  -  N o  s a m p l e  c o l l e c t e d  
FC -  N o t  r u n  o n  S o i l  W a t e r  S a m p l e r s  
W e l l s  -  N o  s a m p l e  c o l l e c t e d ,  w e l l  d r y  
N o t e :  W h e r e  S o i l  W a t e r  S a m p l e r s  a n d  W e l l s  w e r e  n o t  c o l l e c t e d ,  d a t a  s e t  h a s  b e e n  o m i t t e d  f o r  t h a t  d a t e  
- 3  N o  D a t a  
S o i l  W a t e r  S a m p l e r s  ( L # )  -  A m o u n t  o f  s a m p l e  c o l l e c t e d  t o o  l i m i t e d  f o r  a n a l y s i s  
T D S  -  R u n  o n  0 5 0 8 0 1 ,  8 5 0 9 2 4 ,  8 5 1 0 2 2  o n l y  
p H  -  R u n  o n l y  o n  d a t e s  w i t h  d a t a  l i s t e d  
T W L 0  T W e I  I  1 0  
F C  100 T o o  N u m e r o u s  t o  C o u n t  
SAMPT DATE COND NQ3N TOTN NH3N 
L I  8 4 0 9 2 0  - 3  1  1  .  3 4  1  1  .  3 4  - 3 .  , 0 0  
L 2  8 4 0 9 2 0  7 1 0  4 6 .  2 3  5 0 .  7 5  4 .  5 2  
L 3  8 4 0 9 2 0  8 2 0  6 1  .  9 5  6 2 .  2 1  . 2 6  
L 4  8 4 0 9 2 0  7 6 0  4 9 .  9 3  5 1  .  6 4  1  .  7 1  
L 5  8 4 0 9 2 0  9 0 0  7 9 .  9 0  7 9 .  9 3  , 0 3  
L 6  8 4 0 9 2 0  - 3  3 7 .  5 4  3 7 .  5 4  - 3 .  , 0 0  
L 7  8 4 0 9 2 0  - 3  1 2 5 .  9 5  1 2 5 .  9 8  , 0 3  
L 8  8 4 0 9 2 0  5 2 5  1  .  0 0  2 6 .  8 0  2 5 .  . 8 0  
L 9  8 4 0 9 2 0  5 9 5  7 .  1 5  3 7 .  4 5  3 0 .  3 0  
L I  1  8 4 0 9 2 0  6 1 0  6 7 .  5 0  6 7 .  5 4  . 0 4  
L I  2  8 4 0 9 2 0  - 3  4 .  3 3  4 .  3 3  - 3 .  . 0 0  
L  1  3  8 4 0 9 2 0  6 5 0  5 1  .  9 7  5 3 .  3 3  1  .  . 3 6  
L 1 4  8 4 0 9 2 0  6 2 5  4 1  .  . 9 8  4 2 .  0 5  . 0 7  
L  1  5  8 4 0 9 2 0  4 8 9  3 1  .  8 5  3 1  .  9 3  . 0 8  
L  1  6  8 4 0 9 2 0  - 3  6 .  .  1 5  6 .  1 5  - 3 .  . 0 0  
T S T  8 4 0 9 2 0  5 8 0  0. . 0  4 1  .  1 0  4 1  .   1 0  
H S T  8 4 0 9 2 0  9 1 5  0. . 0  7 6 .  6 0  7 6 .  6 0  
W H  8 4 0 9 2 0  2 6 5  . 6 5  6 5  0, . 0  
H C  8 4 0 9 2 0  2 8 3  . 3 8  3 8  0, . 0  
T C  8 4 0 9 2 0  2 8 0  . 7 5  7 5  0, . 0  
T W  8 4 0 9 2 0  2 8 3  . 8 4  8 4  0, . 0  
T S W  8 4 0 9 2 0  2 9 8  8  ,  . 8 8  8 .  9 9  . 1  1  
N D  8 4 0 9 2 0  2 4 0  0. . 0  0. 0 0, . 0  
S D  8 4 0 9 2 0  2 3 4  0, . 0  0 3  . 0 3  
L I  8 4 1 0 0 3  - 3  1 6  . 5 8  1 6 .  , 5 8  - 3  . 0 0  
L 2  8 4 1 0 0 3  8 4 0  2 3  . 6 8  5 2 .  7 8  2 9  .  1 0  
L 3  8 4 1 0 0 3  8 3 0  4 6  . 7 0  5 3 .  , 7 8  7  . 0 8  
L 4  8 4 1 0 0 3  8 1 0  5 3  . 7 1  5 7 .  . 8 5  4  .  1 4  
L 5  8 4 1 0 0 3  8 2 0  6 5  .  1 7  6 5 .  . 2 4  . 0 7  
L 6  8 4 1 0 0 3  - 3  2 8  . 9 5  2 8 .  . 9 5  0 . 0  
L 7  8 4 1 0 0 3  9 4 0  7 0  . 8 1  7 0 .  . 8 7  . 0 6  
L 8  8 4 1 0 0 3  4 8 0  . 3 8  3 2 .  . 9 8  3 2  . 6 0  
L 9  8 4 1 0 0 3  7 0 0  8  . 6 5  3 9 .  . 4 5  3 0  . 8 0  
L I  1  8 4 1 0 0 3  - 3  6 1  . 0 8  6 1  .  1  1  . 0 3  
L  1  2  8 4 1 0 0 3  - 3  5  . 9 0  5 .  . 9 0  - 3  . 0 0  
L  1  3  8 4 1 0 0 3  8 3 0  7 7  . 4 5  7 7  .  5 3  . 0 8  
L  1  4  8 4 1 0 0 3  7 1 0  3 7  . 9 6  3 8 .  . 0 0  . 0 4  
L  1  5  8 4 1 0 0 3  4 8 0  3 0  . 5 9  3 0 .  . 6 3  . 0 4  
L  1  6  8 4 1 0 0 3  - 3  6  . 3 8  6 .  . 4 2  . 0 4  
T S T  8 4 1 0 0 3  6 1 0  . 0 2  4 7 .  . 2 2  4 7  .  2 0  
H S T  8 4 1 0 0 3  1 0 0 0  0 . 0  8 1  .  7 0  8 1  . 7 0  
W H  8 4 1 0 0 3  2 5 8  . 6 8  . 6 8  0 . 0  
H C  8 4 1 0 0 3  2 8 0  . 5 7  . 5 7  0 . 0  
T C  8 4 1 0 0 3  2 8 0  . 9 1  . 9 1  0 . 0  
T W  8 4 1 0 0 3  2 9 8  1  . 0 0  1  .  , 0 0  0 . 0  
L 2  8 4 1 1 0 7  7 2 0  3 9  . 4 5  5 7 .  , 5 7  1 8 ,  .  1  2  
L 3  8 4 1 1 0 7  7 0 5  3 5  .  2 6  4 3 .  , 4 5  8 ,  .  1 9  
L 4  8 4 1 1 0 7  7 0 0  4 5  . 9 1  5 2 .  2 2  6 ,  . 3 1  
0P04P NA CL FC PH TDS WTREL 
- 3 .  , 0 0 0  - 3 .  . 0  4  
4 0 .  , 2 4 8  1 2 1  ,  . 5  4 2  
4 1  .  , 3 7 8  1 5 7 .  9  3 9  
3 7 .  . 2 8 2  1  1 8 .  .  1  3 9  
1 4 .  . 4 1 4  1 2 3 .  , 4  4 5  
- 3 .  . 0 0 0  3 5 .  7  3 2  
8 .  . 3 0 8  2 0 8 .  5  1 9  
1 9 .  . 2 5 8  5 0 .  7  1 9  
1  1  .  9 9 2  4 6 .  . 8  1 9  
9 .  . 0 8 6  4 5 .  8  2 1  
- 3 ,  . 0 0 0  2 9 .  9  - 3  
3 9 .  . 4 4 0  1 1 3 .  4  4 1  
1 7  .  .  1 5 9  1 1 8 .  . 2  4 3  
1 4 ,  . 5 7 6  6 7 .  9  2 3  
. 0 3 3  4 7 .  6  - 3  
1 9 ,  . 7 4 2  4 3 .  , 7  4 1  
4 3 ,  . 9 8 4  1 1 7 .  9  5 8  
. 0 0 9  7  .  .  1  4  
. 0 1 1  8 .  . 1  4  
. 0 4 3  8  .  3  4  
.  1 2 3  8  .  6  5  
1  ,  . 9 5 6  1 3 ,  .  1  9  
. 0 1 2  8  .  .  1  3  
. 0 1 2  8 ,  . 3  3  
.  1 6 0  - 3 ,  . 0  4  
4 2  . 7 8 9  1  2 4 ,  . 3  4 2  
4 0  .  2 2 4  1 4 6 ,  . 5  4 0  
3 9  . 4 2 3  1  2 0  . 4  3 8  
1 3  . 4 6 2  1 0 3 ,  . 5  3 3  
2  .  2 4 4  3 3 ,  . 9  1 9  
9  .  1 3 5  1 5 4  .  7  1 4  
1 7  . 6 2 8  4 4 ,  . 5  2 0  
1 0  . 0 9 6  3 9  . 6  1 7  
8  . 8 1 4  3 1  ,  . 5  2 0  
.  1 6 0  2 5 ,  .  1  - 3  
3 2  . 8 5 3  1  2 9 ,  . 7  3 8  
2 2  . 7 5 6  1 3 0 ,  . 9  3 8  
1 4  .  1 0 3  6 8 ,  . 3  1 9  
- 3  . 0 0 0  4 4 ,  . 6  - 3  
1 6  . 3 4 6  3 9 ,  .  7  2 7  
4 3  .  1 0 9  1 1 2 ,  . 4  6 5  
. 0 1 3  7  ,  . 0  4  
. 0 1 3  7  ,  . 8  4  
. 0 4 2  7 .  8  4  
. 0 8 8  8 .  ,  1  4  
4 2 ,  .  7 2 7  1  1 9 .  0  3 1  
4 1  ,  .  7 7  1  1 3 4 .  9  3 0  
3 4 ,  . 1  2 4  1 1 1 .  ,  7  3 4  
- 1  - 3  0  - 3  
-  1  6  5  - 3  
- 1  6  7  - 3  
- 1  6  8  - 3  
- 1  6  9  - 3  
- 1  - 3  0  - 3  
-  1  - 3  0  - 3  
- 1  7  0  - 3  
-  1  6  9  - 3  
- 1  6  0  - 3  
- 1  - 3  0  - 3  
- 1  6  2  - 3  
-  1  6  9  - 3  
- 1  6  9  - 3  
- 1  - 3  0  - 3  
- 1  7  0  - 3  
- 1  6  7  - 3  
-  1  7  5  - 3  
0  7  3  - 3  5  1 5  
0  7  2  - 3  5  2 7  
0  7  2  - 3  5  1 0  
0  7  0  - 3  4  9 7  
1 0 0  8  2  - 3  
1 0 0  8  0  - 3  
- 1  - 3  0  - 3  
- 1  6  9  - 3  
- 1  6  8  - 3  
- 1  6  8  - 3  
- 1  7  0  - 3  
- 1  - 3  0  - 3  
- 1  6  9  - 3  
- 1  6  8  - 3  
- 1  6  8  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
-  1  6  3  - 3  
- 1  6  8  - 3  
- 1  6  8  - 3  
- 1  - 3  0  - 3  
- 1  6  9  - 3  
- 1  6  9  - 3  
0  7  5  - 3  
0  7  2  - 3  4  4 9  
2 3  7  2  - 3  4  5 0  
0  7  2  - 3  4  4 3  
- 1  6  8  - 3  
- 1  6  8  - 3  
-  1  6  8  - 3  
1 
4  
9  
5  
2 
3  
3  
9  
3  
8 
0 
6 
2 
6 
0 
7  
2 
6 
5  
7  
0 
1 
6 
6 
7  
9  
8 
7  
7  
6 
7  
1 
6 
6 
0 
7  
3  
6 
0 
3  
6 
0 
0 
0 
5  
6 
9  
2 
SAMPT DATE COND NQ3N TOTN NH3N 
L 5  8 4 1 1 0 7  7 6 0  6 1  .  0 6  6 1 .  1 9  1 3  
L 6  8 4 1 1 0 7  4 8 2  2 6  1  .  9 2  1  .  6 6  
L 7  8 4 1 1 0 7  5 8 0  2 .  5 1  2 2 .  5 7  2 0 .  0 6  
L 8  8 4 1 1 0 7  5 9 5  1  .  5 1  3 1  .  3 3  2 9 .  8 2  
L 9  8 4 1 1 0 7  6 2 0  1 0 .  5 7  3 9 .  9 7  2 9 .  4 0  
L I  1  8 4 1 1 0 7  4 1 8  1 9 .  0 9  2 1  .  6 8  2 .  5 9  
L 1  2  8 4 1 1 0 7  - 3  9 .  1 5  9 .  1 5  - 3 .  0 0  
L 1  3  8 4 1 1 0 7  6 0 0  4 2 .  6 4  4 5 .  2 7  2 .  6 3  
L 1 4  8 4 1 1 0 7  6 1 0  3 9 .  9 6  4 0 .  0 1  0 5  
L  1  5  8 4 1 1 0 7  3 8 9  2 6 .  4 2  2 6 .  4 6  . 0 4  
L  1  6  8 4 1 1 0 7  - 3  7 .  5 0  7 .  5 0  - 3 .  . 0 0  
T S T  8 4 1 1 0 7  6 2 0  0 .  0  4 8 .  3 0  4 8  .  , 3 0  
H S T  8 4 1 1 0 7  8 0 0  0 2  6 2 .  2 2  6 2 .  , 2 0  
W H  8 4 1 1 0 7  2 4 8  5 9  , 5 9  0 .  . 0  
H C  8 4 1 1 0 7  2 6 0  4 2  4 2  0 .  , 0  
T W  8 4 1 1 0 7  2 7 8  2 .  3 1  2 .  . 3 1  0 .  . 0  
L 2  8 4 1 1 1 9  8 7 2  1  1  .  5 9  4 5 .  , 6 1  3 4 .  . 0 2  
L 3  8 4 1 1 1 9  8 5 4  2 2 .  , 2 1  4 5 ,  . 3 1  2 3 .  . 1 0  
L 4  8 4 1 1 1 9  8 8 0  3 7 .  . 4 3  5 4 .  . 6 3  1 7 .  . 2 0  
L 5  8 4 1 1 1 9  8 8 0  5 9 .  . 9 2  6 0 ,  . 0 6  ,  1 4  
L 6  8 4 1 1 1 9  5 9 3  9 .  . 6 4  1 9 ,  . 9 1  1 0 ,  .  2 7  
L 7  8 4 1  1 1 9  6 4 1  1  1  .  0 3  2 6 ,  . 4 7  1 5 ,  . 4 4  
L 8  8 4 1 1 1 9  7 3 2  3 .  . 0 3  2 7  . 6 0  2 4  . 5 7  
L 9  8 4 1 1 1 9  7 2 0  1 0 .  , 4 7  4 1  ,  . 7 6  3 1  ,  . 2 9  
L 1  1  8 4 1 1 1 9  5 3 7  3 4 ,  . 2 2  3 4 ,  . 7 9  . 5 7  
L I  2  8 4 1 1 1 9  - 3  - 3 .  . 0 0  - 3  . 0 0  
L 1 3  8 4 1 1 1 9  8 5 4  1 2 ,  . 9 9  3 5  . 0 4  2 2 ,  . 0 5  
L  1  4  8 4 1 1 1 9  8 7 8  5 4  . 0 5  5 4  .  1 0  . 0 5  
L  1 5  8 4 1 1 1 9  5 5 8  2 8  . 6 3  2 8  . 6 6  . 0 3  
L  1 6  8 4 1 1 1 9  - 3  - 3  . 0 0  - 3  . 0 0  
T S T  8 4 1 1 1 9  7 8 1  - 3  . 0 0  4 0  .  1  1  4 0  .  1  1  
H S T  8 4 1 1  1 9  1  1 3 5  - 3 ,  . 0 0  6 9  . 5 1  6 9  . 5 1  
W H  8 4 1  1  1 9  3 1  1  . 7 8  . 7 8  0  . 0  
H C  8 4 1 1 1 9  2 2 0  . 5 8  . 5 8  0  . 0  
T W  8 4 1 1 1 9  3 3 9  3  . 0 0  3  . 0 0  0  . 0  
L 2  8 4 1 2 0 5  9 1 4  3 8  . 7 6  6 4  . 3 8  2 5  . 6 2  
L 3  8 4 1 2 0 5  8 7 6  5 2  .  7 7  5 8  . 5 0  5  . 7 3  
L 4  8 4 1 2 0 5  8 8 9  6 8  . 5 0  7 2  . 9 4  4  . 4 4  
L 5  B 4 1 2 0 5  8 8 9  6 3  .  7 7  6 3  . 8 2  . 0 5  
L 6  8 4 1 2 0 5  6 2 2  7  . 0 4  3 5  . 0 8  2 8  . 0 4  
L 7  8 4 1 2 0 5  5 6 5  1 8  . 6 3  2 5  .  7 7  7  .  1 4  
L B  B 4 1 2 0 5  6 0 7  . 6 3  3 6  . 5 4  3 5  . 9 1  
L 9  8 4 1 2 0 5  5 9 1  . 7 2  4 4  . 6 1  4 3  . 8 9  
L I  1  8 4 1 2 0 5  - 3  3 7  .  1 3  4 5  . 0 9  7  . 9 6  
L  1  2  8 4 1 2 0 5  - 3  1  2  . 2 6  1 2  . 2 6  - 3 ,  . 0 0  
L  1  4  8 4 1 2 0 5  8 8 9  6 3  .  1 6  6 3  .  1 9  . 0 3  
L  1  5  8 4 1 2 0 5  5 1 8  3 2  .  7 5  3 2  . 7 8  . 0 3  
L  1  6  8 4 1 2 0 5  - 3  8  . 8 2  8  . 8 2  - 3  . 0 0  
0P04P NA CL FC PH TDS WTREL 
1 6 .  5 9 9  1 0 8 .  4  3 8 .  
1 8 .  1 9 2  6 6 .  7  2 3 .  
2 0 .  2 6 4  7 7 .  4  2 1  .  
8 .  9 5 2  7 3 .  3  2 2 .  
8. 6 3 4  6 5 .  . 8  2 1  .  
1 5 .  0 0 6  5 9 .  , 9  2 1  .  
0. 0 3 0 .  4  1 8 .  
3 6 .  5 1 3  1 1 1 .  8  3 0 .  
2 4 .  4 0 6  1  1 9 .  2  3 8 .  
1 2 .  9 3 5  6 1  .  . 2  2 1  .  
0. 0  4 1  ,  . 8  6 .  
2 1  .  2 1 9  6 2 ,  . 8  3 3 .  
4 0 .  0 1 8  1 0 4 ,  . 8  4 6 .  
0 1 0  7  .  , 1  4 .  
0. 0  7 .  , 6  4 .  
0 7 8  8 .  . 5  5 .  
3 5 .  9 7 6  1 1 1 .  7  3 7 .  
3 2 .  6 4 7  1 2 5 .  9  3 7 .  
3 4 .  0 7 4  1 0 9 .  8  3 7 .  
1 5 .  2 2 5  1 0 4 .  4  3 5 .  
1 4  .  8 9 6  6 2 .  8  2 2 .  
1 8  .  3 8 3  7 7  ,  . 1  2 2 .  
1 0 .  , 4 5 8  7 2 ,  . 6  2 1  .  
1 3 .  4 6 9  5 9 .  9  2 3 .  
1 2 .  5 1 8  5 4 .  2  2 2 .  
- 3 .  0 0 0  3 3 .  6  1 8  .  
3 3 .  2 8 1  1 0 7 .   2  3 6 .  
3 1  .  2 2 1  1 2 2 .   1  3 9 .  
1  1  .  , 5 6 7  6 1  ,  . 8  1 9 .  
- 3  .  , 0 0 0  4 3 ,  .  2  6 .  
2 3  .  , 7 7 2  7 4 ,  .  7  3 7 .  
4 5 .  ,  5 5 6  1 3 1  .  .  2  5 5 .  
0. . 0  7 .  , 1  4 .  
0. . 0  7  . 6  4 .  
. 0 7 4  8 ,  . 6  4  .  
3 0 .  , 0 1 2  1 0 1  ,  .  5  5 2 .  
3 0 .  , 5 1 2  1 3 8  ,  .  7  5 5 .  
3 0 .  ,  1 7 9  1 1 3 ,  . 8  4 9 .  
1 4 .  , 8 2 9  1 0 5 ,  . 6  3 3 .  
1 5 .  , 4 9 7  6 2  .  7  2 1  .  
1  7  .  1 6 5  7 6 .  ,  6  2 1  .  
2 1  .  6 7 0  6 2 .  , 5  2 1  .  
2 3 .  , 3 0 0  5 7 ,  , 9  2 4 .  
1 9 .  3 3 4  5 7 .  9  1 9 .  
0. 0 - 3 .  . 0  2 0 .  
2 5 .  1 7 3  1 3 5 .  , 5  5 3 .  
1 0 .  2 0 0  7 1  .  ,  2  2 2  .  
0. 0 - 3 .  , 0  7 .  
1  6  9  - 3  
1  7  3  - 3  
1  6  9  - 3  
1  7  2  - 3  
1  7  0  - 3  
1  6  9  - 3  
1  - 3  0  - 3  
1  6  0  - 3  
1  6  6  - 3  
1  6  8  - 3  
1  - 3  0  - 3  
1  6  9  - 3  
1  7  2  - 3  
0  7  5  - 3  
0  7  3  - 3  
0  7  3  - 3  
1  7  0  - 3  
1  7  1  - 3  
1  7  1  - 3  
1  7  1  - 3  
1  6  9  - 3  
1  7  0  - 3  
1  7  1  - 3  
1  7  0  - 3  
1  6  8  - 3  
1  - 3  0  - 3  
1  6  6  - 3  
1  6  2  - 3  
1  6  9  - 3  
1  - 3  0  - 3  
1  7  1  - 3  
1  7  2  - 3  
1  7  6  - 3  
1  7  3  - 3  
1  7  3  - 3  
1  7  1  - 3  
1  6  9  - 3  
1  6  7  - 3  
1  7  1  - 3  
1  7  0  - 3  
1  7  1  - 3  
1  7  1  - 3  
1  7  0  - 3  
1  - 3  0  - 3  
1  - 3  0  - 3  
1  6  5  - 3  
1  7  0  - 3  
1  - 3  0  - 3  
5  
3  
a  
4  
5  
3  
1 
5  
9  
0 
1 
4  
2 
0 
0 
2 
1 
5  
1 
2 
0 
7  
9  
3  
7  
6 
4  
e 
9  
3  
9  
9  
0 
1 
9  
2 
2 
6 
1 
2 
5  
9  
2 
7  
1 
1 
a  
5  
SAMPT DATE COND NQ3N TOTN NH3N 
T S T  8 4 1 2 0 5  7 3 7  0 3  5 1  .  1 7  5 1  .  1 4  
H S T  8 4 1 2 0 5  1 0 8 0  0 .  0  9 7 .  7 6  9 7 .  7 6  
H C  8 4 1 2 0 5  2 8 4  6 1  6 1  0 .  0  
T W  8 4 1 2 0 5  4 2 5  1 5 .  8 3  1 5 .  9 0  0 7  
L 3  8 5 0 1 0 9  7 8 0  3 1  .  0 1  5 2 .  1 2  2 1  .  1  1  
L 4  8 5 0 1 0 9  7 5 4  2 3 .  0 0  5 8 .  2 8  3 5 .  2 8  
L 5  8 5 0 1 0 9  7 6 7  4 8 .  8 7  4 8 .  9 2  0 5  
L 6  8 5 0 1 0 9  5 4 6  1 2 .  9 5  3 0 .  7 0  1 7 .  7 5  
L 7  8 5 0 1 0 9  5 5 6  3 0 .  6 3  3 5 .  2 8  4 .  6 5  
L 8  8 5 0 1 0 9  6 2 4  4 .  3 7  3 1  .  9 9  2 7 .  6 2  
L 9  8 5 0 1 0 9  6 1 8  1 2 .  6 6  3 4 .  , 3 4  2 1  .  6 8  
L I  1  8 5 0 1 0 9  - 3  5 0 .  . 9 2  5 1  .  ,  1 3  2 1  
L  1  3  8 5 0 1 0 9  7 8 0  6 4 .  , 3 0  7 1  .  . 2 9  6 .  9 9  
L  1  4  8 5 0 1 0 9  7 8 0  4 4 .  , 4 1  4 4 .  . 4 7  0 6  
L 1  5  8 5 0 1 0 9  5 4 0  3 1  .  . 3 8  3 1  .  4 2  , 0 4  
T S T  8 5 0 1 0 9  6 5 0  0 .  . 0  4 5 .  . 5 7  4 5 .  , 5 7  
H S T  8 5 0 1 0 9  9 4 3  0 .  . 0  7 9 ,  . 8 0  7 9 .  , 8 0  
W H  8 5 0 1 0 9  2 6 7  8 8  . 9 1  0 3  
H C  8 5 0 1 0 9  2 7 3  .  B 2  . 8 2  0 .  0  
L I  8 5 0 8 0 1  - 3  7 .  . 2 6  7  . 2 6  0 .  , 0  
L 2  8 5 0 8 0 1  8 5 8  1 0 .  . 8 5  3 2 ,  . 3 5  2 1  .  , 5 0  
L 3  8 5 0 8 0 1  8 5 4  4 0 .  . 4 1  4 7 ,  . 6 5  7 .  ,  2 4  
L 4  8 5 0 8 0 1  - 3  1 2 9 ,  . 3 2  1 2 9  . 4 4  ,  1 2  
L 5  8 5 0 8 0 1  9 1 5  4 2 .   1  1  4 2  .  1 4  . 0 3  
L 6  8 5 0 8 0 1  8 3 2  4 ,  .  1 5  2 7  . 5 5  2 3 .  4 0  
L 7  8 5 0 8 0 1  7 1 5  7  . 3 6  1 7  . 9 6  1 0 .  6 0  
L 8  8 5 0 8 0 1  6 8 3  1 6 ,  . 8 9  2 6  .  7 7  9 ,  . 8 8  
L 9  8 5 0 8 0 1  6 2 0  1 3  . 5 9  1 3  .  7 2  .  1 3  
L  1  0  8 5 0 8 0 1  - 3  . 9 3  . 9 3  - 3 .  . 0 0  
L I  1  8 5 0 8 0 1  7 0 8  4 0 ,  .  1 2  4 0  .  1 5  . 0 3  
L 1  2  8 5 0 8 0 1  6 1 8  . 8 8  . 8 8  0 .  . 0  
L  1  3  8 5 0 8 0 1  7 6 8  1 9  . 6 3  1 9  . 6 9  . 0 6  
L  1  4  8 5 0 8 0 1  9 1 5  6 6  . 0 8  6 6  .  1 5  . 0 7  
L 1  5  8 5 0 8 0 1  5 6 1  4 1  .  3 5  4 1  . 3 9  . 0 4  
L 1 6  8 5 0 8 0 1  - 3  1 2  . 0 1  1  2  . 0 1  - 3 ,  . 0 0  
T S T  8 5 0 8 0 1  7 7 5  - 3  . 0 0  3 3  .  2 0  3 3 ,  .  2 0  
H S T  8 5 0 8 0 1  9 0 3  - 3  . 0 0  4 7  . 0 0  4 7 ,  . 0 0  
W H  8 5 0 8 0 1  2 7 7  . 6 6  . 6 6  0, . 0  
T W L  1  8 5 0 8 0 1  7 5 6  . 8 4  1 6  .  4 4  1 5 .  6 0  
H W L 2  8 5 0 8 0 1  3 1 2  . 0 3  . 0 3  0. . 0  
T W L 3  8 5 0 8 0 1  4 6 2  4  . 5 2  4  . 5 2  0. . 0  
T W L 4  8 5 0 8 0 1  4 3 6  .  2 0  .  2 4  . 0 4  
H W L 5  8 5 0 8 0 1  3 8 1  1  . 8 2  1  . 8 5  , 0 3  
H W L 6  8 5 0 8 0 1  3 3 5  .  2 7  .  2 7  0. . 0  
T W L 7  8 5 0 8 0 1  5 4 9  . 2 8  .  2 8  0. . 0  
T W L 8  8 5 0 8 0 1  4 0 2  .  2 7  . 4 3  ,  1 6  
H W L 9  8 5 0 8 0 1  3 3 3  . 8 9  . 8 9  0. . 0  
T W L O  8 5 0 8 0 1  2 9 2  . 8 4  . 8 4  0. . 0  
0P04P NA CL FC PH TDS WTREL 
2 0 .  0 0 1  5 4 .  0  4 6  
2 9 .  , 6 7 8  8 7 ,  . 0  1 0 0  
0. , 0  8 6 .  9  4  
,  1 9 8  1 5 .  , 4  1 4  
2 4 .  . 4 3 0  1 1 5 ,  . 7  4 1  
2 5 ,  . 7 7 8  9 1  ,  . 8  4 1  
1 8 .  . 1 8 3  9 9 .  8  3 7  
1 6 ,  , 4 3 2  5 4 ,  , 6  2 4  
1 6 .  , 0 5 8  7 5 .  2  2 5  
1  1  .  , 2 7 3  6 6 .  0  2 7  
1 2 ,  , 5 4 5  5 3 .  , 1  2 5  
1 4 .  . 5 6 3  4 9 .  , 2  2 4  
3 2 .  . 7 3 2  9 3 .   1  4 2  
2 2 ,  . 9 3 7  1 1 6 ,  . 2  4 1  
1 3 ,  . 3 6 7  6 9 ,  . 3  2 1  
2 1  ,  . 7 4 1  5 2  . 7  2 9  
3 0 ,  . 2 6 4  1 0 2 ,  . 7  7 9  
. 0 1 3  7 .  3  4  
.011 7 .  7  5  
- 3  . 0 0 0  1 7 2  . 0  2  
1 0 ,  . 0 8 9  1 1 3 ,  .  1  4 0  
1  1  . 3 6 6  1 2 7 ,  .  7  4 0  
1 7  .111 1 4 5  ,  . 8  3 6  
7  . 2 1 6  1 5 8 ,  . 3  1 5  
9  . 7 7 0  8 8 .  7  2 4  
7  . 5 3 5  8 .  4  2 1  
6  . 5 7 8  8  . 1 1 9  
1 0  . 3 2 8  7  1  ,  . 8  2 2  
0 . 0  2 6 ,  . 3  1  
9  . 4 5 0  7 8 ,  . 3  2 2  
0 . 0  5 4 ,  . 0  2  
1 8  . 5 4 7  1 3 3 ,  . 4  4 4  
1 7  .  7 4 9  1 5 0 ,  . 7  3 4  
1 0  . 8 8 7  6 1  . 9  2 0  
0 . 0 6 4  . 8  6  
6  .  7 3 7  106 . 3  3 4  
1  1  . 5 2 5  1 0 8  . 3  8 4  
. 0 1 8  6 ,  . 8  4  
6 .  7 3 7  80. . 9  2 2  
. 0 9 8  1 0 ,  . 4  3  
.  3 9 8  2 0 ,  . 7  7  
. 0 4 8  1 0  ,  . 6  4  
.  1 9 2  1 0 .  . 1  3  
. 0 2 2  1 0 .  , 3  - 3  
. 0 1 6  1 0 .  . 2  4  
. 0 3 2  1 5 .  8  7  
. 0 2 2  7  .  , 1  3  
. 0 1 5  6 .  ,  7  3  
- 1  6  9  - 3  
- 1  7  1  - 3  
- 1  7  4  - 3  2  . 8 5  
- 1  7  5  - 3  2  . 7 5  
- 1  7  0  - 3  
- 1  7  2  - 3  
- 1  6  9  - 3  
- 1  6  9  - 3  
- 1  7  0  - 3  
- 1  7  2  - 3  
- 1  6  9  - 3  
- 1  - 3  0  - 3  
- 1  5  9  - 3  
- 1  6  3  - 3  
- 1  7  0  - 3  
- 1  6  9  - 3  
- 1  7  0  - 3  
- 1  7  6  - 3  
- 1  7  3  - 3  2  3 9  
- 1  - 3  0  1 7 2  
- 1  - 3  0  5 6 4  
- 1  - 3  0  6 5 9  
- 1  - 3  0  1  1 9 0  
- 1  - 3  0  7 9 2  
- 1  - 3  0  4 9 8  
- 1  - 3  0  4 9 6  
- 1  - 3  0  5 0 2  
- 1  - 3  0  4 7 6  
- 1  - 3  0  3 3 6  
- 1  - 3  0  5 4 6  
- 1  - 3  0  4 7 5  
- 1  - 3  0  6 1 8  
- 1  - 3  0  8 0 2  
- 1  - 3  0  5 0 3  
- 1  - 3  0  - 3  
- 1  - 3  0  5 7 2  
- 1  - 3  0  6 6 5  
0  - 3  0  2 1 2  
1 0 0  - 3  0  4 7 2  5  8 8  
0  - 3  0  2 1 7  5  7 2  
2  - 3  0  3 4 6  5  7 0  
0  - 3  0  3 3 4  5  6 6  
0  - 3  0  2 7 3  5  6 9  
0  - 3  0  2 2 9  5  6 9  
- 1  - 3  0  3 7 6  5  7 3  
0  - 3  0  2 9 8  5  6 7  
1  - 3  0  2 2  1  5  6 9  
1  - 3  0  2  1  2  5  6 8  
6 
7  
2 
1 
7  
3  
5  
8 
6 
0 
6 
8 
5  
3  
1 
6 
2 
0 
1 
1 
5  
1 
3  
9  
5  
3  
0 
4  
3  
5  
0 
2 
5  
9  
6 
7  
8 
0 
8 
8 
2 
5  
0 
0 
0 
6 
1 
8 
SAMPT DATE COND N03N TOTN NH3N 
H C  8 5 0 8 0 1  3 4 3  1  . 4 3  1  .  4 3  0. 0 
T C  8 5 0 8 0 1  3 0 9  , 7 5  7 5  0. 0 
T W  8 5 0 8 0 1  4 1 9  4 .  3 5  4 .  3 5  0. 0 
T S W  8 5 0 8 0 1  5 6 6  1 8 .  2 0  1 8 .  2 3  0 3  
N D  8 5 0 8 0 1  2 4 3  0 3  0 3  0. , 0  
S D  8 5 0 8 0 1  2 3 8  1  1  1 1  0. , 0  
L I  8 5 0 9 0 3  9 2 4  2 .  1 0  2 .  , 1 0  0. , 0  
L 2  8 5 0 9 0 3  1 0 5 0  2 .  2 0  4 1  .  , 2 0  3 9 .  . 0 0  
L 3  8 5 0 9 0 3  9 3 9  3 4 .  5 3  4 3 .  , 6 1  9 .  . 0 8  
L 4  8 5 0 9 0 3  1 2 7 5  3 9 .  0 7  3 9 .  , 1 2  . 0 5  
L 5  8 5 0 9 0 3  1 6 3 8  6 8 .  9 4  6 8 .  . 9 4  0 ,  . 0  
L 6  8 5 0 9 0 3  7 4 8  2 .  9 4  2 0 .  , 7 4  1 7 .  0 0  
L 7  8 5 0 9 0 3  7 5 4  4  .  0 1  1 7 .  , 3 1  1 3 .  . 3 0  
L 8  8 5 0 9 0 3  6 9 3  8 .  0 6  1 5 .  , 4 9  7 ,  , 4 3  
L 9  8 5 0 9 0 3  6 1 4  6 .  3 6  8 .  . 0 8  1  .  7 2  
L  1  0  8 5 0 9 0 3  4 3 6  2 9  . 2 9  0 .  0  
L I  1  8 5 0 9 0 3  7 2 6  1  .  2 5  1 6  . 0 5  1 4  . 8 0  
L  1  2  8 5 0 9 0 3  5 3 5  1  .  7 4  1  .  7 4  0 . 0  
L 1 3  8 5 0 9 0 3  9 7 4  9 3 .  , 6 4  9 3  . 7 0  . 0 6  
L 1  4  8 5 0 9 0 3  7 5 6  2 9 .  , 6 1  2 9  . 6 1  0 . 0  
L  1  5  8 5 0 9 0 3  6 0 5  2 8 .  . 6 7  2 8  . 6 7  0 . 0  
nj Lie 
NJ T S T  
8 5 0 9 0 3  - 3  4 .  . 4 7  4  . 4 7  0 . 0  
8 5 0 9 0 3  8 8 0  - 3 .  . 0 0  2 6  . 5 0  2 6  . 5 0  
H S T  8 5 0 9 0 3  1  1 9 0  - 3 .  , 0 0  5 8  . 7 0  5 8  . 7 0  
W H  8 5 0 9 0 3  3 0 2  , 6 0  . 6 0  0 . 0  
T W L  1 8 5 0 9 0 3  6 8 3  , 0 3  1 8  . 0 3  1 8  . 0 0  
H W L 2  8 5 0 9 0 3  2 9 1  . 3 1  . 3 4  . 0 3  
T W L 3  8 5 0 9 0 3  4 4 0  1 3 .  . 1 6  1 3  .  1 9  . 0 3  
T W L 4  8 5 0 9 0 3  4 1 2  3  .  5 2  3  . 5 2  0 . 0  
H W L 5  8 5 0 9 0 3  3 7 2  2 ,  . 0 1  2  . 0 1  0  . 0  
H W L 6  8 5 0 9 0 3  2 9 8  . 8 8  . 8 8  0  . 0  
T W L 7  8 5 0 9 0 3  4 1 5  . 4 2  . 4 2  0 . 0  
T W L 8  8 5 0 9 0 3  3 1 2  1  , .  2 6  1  . 3 0  . 0 4  
H W L 9  8 5 0 9 0 3  3 1 9  . 8 0  . 8 0  0 . 0  
T W L O  8 5 0 9 0 3  2 8 2  . 4 1  . 4 1  0 . 0  
H C  8 5 0 9 0 3  4 1 6  .  1 8  .  1 8  0 . 0  
T C  8 5 0 9 0 3  2 6 8  . 5 4  . 5 4  0  . 0  
T W  8 5 0 9 0 3  5 1 3  8  . 7 8  8  . 8 1  . 0 3  
T S W  8 5 0 9 0 3  6 3 0  1 9 ,  . 5 9  1 9  . 6 8  . 0 9  
N D  8 5 0 9 0 3  2 5 3  0, . 0  0 . 0  0  . 0  
S D  8 5 0 9 0 3  2 6 5  0  . 0  0 . 0  0  . 0  
L  1  8 5 0 9 2 4  9 8 0  1 . 5 2  1  . 5 2  0 . 0  
L 2  8 5 0 9 2 4  9 9 0  9  . 0 4  2 0  . 6 4  1  1  . 6 0  
L 3  8 5 0 9 2 4  9 8 0  4 6  . 2 0  4 6  . 2 5  . 0 5  
L 4  8 5 0 9 2 4  1 3 2 0  5 1  . 8 8  5 1  . 8 8  0 . 0  
L 5  8 5 0 9 2 4  1 8 6 0  8 1  . 7 1  8 1  .  7  1  0 . 0  
L 6  8 5 0 9 2 4  - 3  2 .  . 6 2  2 0  . 8 2  1 8  .  2 0  
L 7  8 5 0 9 2 4  9 0 0  1  ,  . 5 6  2 3  . 0 6  2 1  ,  . 5 0  
0P04P NA CL FC PH TDS WTREL 
0 1 8  7 .  5  2  
0 4 8  6 .  6  3  
9 0 4  1 3 .  8  5  
7 .  , 0 9 2  3 8 .  7  1 7  
0 .  , 0  5 .  , 0  2  
, 0 1 6  4 .  9  2  
0 ,  . 0  - 3 .  0  1  
9 ,  . 4 9 2  - 3 .  , 0  3 3  
9 .  , 4 9 2  - 3 ,  , 0  3 1  
1 0 .  , 8 1 3  - 3 .  . 0  1 7  
8 .  . 0 0 5  - 3 .  . 0  1 0  
6 .  , 3 5 2  - 3 .  . 0  1 9  
5 .  , 3 6 1  - 3 .  , 0  1 7  
4  ,  . 5 3 5  - 3 .  . 0  1 6  
3 ,  . 5 4 4  - 3 .  , 0  1 7  
0  . 0  - 3 .  . 0  
6  . 3 5 2  - 3 .  . 0  1 8  
0  . 0  - 3 .  . 0  1  
7  . 8 7 8  - 3 ,  . 0  3 0  
1 4  . 4 4 0  - 3 ,  . 0  3 3  
8  . 0 0 5  - 3  . 0  1 9  
0  . 0  - 3 ,  . 0  1  
5  . 1 5 1  - 3  . 0  3 0  
1  1  . 3 0 9  - 3 ,  . 0  5 4  
0  . 0  - 3 ,  . 0  3  
3  . 0 4 0  - 3 ,  . 0  1 7  
. 0 9 6  - 3 ,  . 0  2  
1  . 3 9 8  - 3 ,  . 0  9  
.  2 0 5  - 3 ,  . 0  8  
.  2 5 4  - 3  . 0  3  
. 0 8 6  - 3 ,  . 0  3  
. 0 1 1  - 3 ,  . 0  3  
. 1 1 7  - 3  . 0  3  
. 0 2 9  - 3 ,  .  0  2  
0  . 0  - 3 ,  . 0  3  
0  . 0  - 3 ,  . 0  2  
. 0 4 0  - 3 ,  . 0  3  
1  . 5 7 0  - 3 ,  . 0  9  
4  . 8 6 5  - 3 ,  . 0  1 9  
0  . 0  - 3 ,  . 0  2  
0  . 0  - 3 .  . 0  2  
. 0 1 2  1 4 6 ,  . 9  
6  . 9 2 3  1 6 4 .  . 2  3 6  
1  1  . 3 9 8  1 6 0 ,  . 3  3 5  
1 0  .  7 5 9  1 4 8  ,  . 3  2 0  
8  . 0 4 2  2 2 6 .  4  1 7  
7  7 2 2  1 1 1 .  , 2  2 1  
8 ,  . 0 4 2  1 0 8 .  , 9  2 1  
0  - 3  0  2 5 0  5  8 0  
0  - 3  0  2 1 2  5  . 9 4  
0  - 3  0  2 9 5  5  . 7 9  
0  - 3  0  4 2 9  5  . 6 7  
- 1  - 3  0  1 5 8  
- 1  - 3  0  1 5 7  
- 1  - 3  0  6 8 0  
- 1  - 3  0  6 3 4  
- 1  - 3  0  6 8 9  
- 1  - 3  0  1 2 1 4  
- 1  - 3  0  1 4 1 4  
- 1  - 3  0  4 8 5  
- 1  - 3  0  4 9 4  
- 1  - 3  0  4 9 6  
- 1  - 3  0  4 8 5  
- 1  - 3  0  3 3 1  
- 1  - 3  0  4 4 9  
- 1  - 3  0  4 2 6  
- 1  - 3  0  8 9 7  
- 1  - 3  0  6 1 2  
- 1  - 3  0  5 1 4  
- 1  - 3  0  6 6 7  
- 1  - 3  0  5 9 9  
- 1  - 3  0  6 9 4  
0  - 3  0  2 0 5  
1 0 0  - 3  0  4 4 3  5  2 1  
4  - 3  0  2 0 7  5  2 0  
0  - 3  0  3 5 5  5  0 8  
0  - 3  0  3 0 6  5  1 3  
0  - 3  0  2 5 6  5  0 8  
0  - 3  0  2 2 0  5  0 7  
0  - 3  0  3 0 2  5  1  1  
0  - 3  0  2 2 2  5  1 0  
0  - 3  0  2 1 7  5  0 7  
0  - 3  0  2 0 6  5  0 8  
0  - 3  0  3 1 6  5  2 3  
0  - 3  0  2 0 9  4  5 0  
0  - 3  0  3 6 8  5  1 0  
0  - 3  0  4 8 4  5  0 6  
- 1  - 3  0  1 9 4  
- 1  - 3  0  1 9 5  
- 1  - 3  0  6 6 9  
- 1  - 3  0  6 8 5  
- 1  - 3  0  7 2 0  
- 1  - 3  0  1 0 7 7  
- 1  - 3  0  1 5 1 7  
- 1  - 3  0  5 4  1  
- 1  - 3  0  5 1 7  
7  
1 
2 
7  
7  
6 
1 
0 
0 
9  
0 
0 
5  
0 
5  
2 
5  
2 
2 
5  
0 
7  
5  
0 
8 
5  
9  
0 
2 
2 
5  
1 
8 
6 
3  
3  
2 
4  
0 
8 
7  
8 
8 
4  
3  
0 
1 
7  
SAMPT DATE COND NQ3N TOTN NH3N 0P04P NA CL 
L 8  8 5 0 9 2 4  8 4 0  1  1  .  9 3  1 9 .  3 3  7 .  , 4 0  5 .  , 4 8 5  1 1 3 .  6  2 0 ,  .  1  
L 9  8 5 0 9 2 4  8 0 0  1 8 .  , 5 0  1 8 .  5 0  0 .  , 0  5 .  , 0 0 5  1 0 7 .  , 5  2 0 ,  . 7  
L 1  0  8 5 0 9 2 4  6 0 0  . 2 6  2 6  0. , 0  0 .  , 0  2 1  .  . 8  . 3  
L I  1  8 5 0 9 2 4  8 2 0  1 0 .  . 1 5  1 9 .  0 5  8 .  , 9 0  5 .  . 8 0 4  1 1 3 .  7  2 0 ,  . 9  
L  1  2  8 5 0 9 2 4  - 3  1  .  . 1 3  1  .  1 3  0 .  , 0  . 0 1 3  6 4 .  9  . 9  
L 1  3  8 5 0 9 2 4  8 8 2  4 8 .  . 3 3  4 8 .  3 8  . 0 5  1 0 .  . 9 1 9  1 5 8 .  . 1  3 6 ,  . 4  
L 1  4  8 5 0 9 2 4  - 3  5 9 .  . 6 9  5 9 .  6 9  0 .  , 0  1 4 .  . 5 9 5  1 4 3 .  8  4 2 ,  . 5  
L  1  5  8 5 0 9 2 4  6 6 6  2 8 .  . 2 7  2 8 .  2 7  0 .  0  7 ,  . 7 2 2  9 9 .  . 0  1 8 ,  . 0  
T S T  8 5 0 9 2 4  8 9 7  - 3 .  . 0 0  3 2 .  0 0  3 2 .  , 0 0  7 ,  . 0 8 3  1 1 1 .  , 4  6 7 ,  . 9  
H S T  8 5 0 9 2 4  1 0 4 0  - 3 .  . 0 0  4 7 .  7 0  4 7 ,  , 7 0  9 .  . 0 0 1  1 5 9 .  8  6 5  . 8  
W H  8 5 0 9 2 4  3 1 9  . 5 7  5 7  0 .  0  . 0 1 3  7  .  , 0  3 ,  . 9  
T W L  1  8 5 0 9 2 4  6 1 0  . 2 1  1 2 .  5 1  1 2 ,  . 3 0  2 .  . 9 2 7  6 5 ,  9  1 4 ,  . 3  
H W L 2  8 5 0 9 2 4  3 0 5  . 5 7  5 7  0 .  0  . 0 8 0  7 ,  .  1  3 ,  . 6  
T W L 3  8 5 0 9 2 4  4 0 7  6 .  . 6 0  6 .  6 0  0 ,  . 0  1  .  6 0 3  2 0 .  6  6 ,  . 6  
T W L 4  8 5 0 9 2 4  4 0 3  3 .  . 5 0  3 .  5 0  0 ,  . 0  .  2 5 2  1 2 .  3  6 ,  .  2  
H W L 5  8 5 0 9 2 4  3 5 8  1  .  5 6  1  .  5 6  0, . 0  , 3 2 8  1 0 .  5  3 ,  .  2  
H W L 6  8 5 0 9 2 4  3 2 5  1  .  0 0  1  .  0 0  0  . 0  . 1 1 0  8  .  5  4 ,  .  1  
T W L 7  8 5 0 9 2 4  4 8 1  1  .  3 9  1  .  3 9  0 ,  . 0  . 0 1 9  9 .  . 8  3 ,  . 8  
T W L 8  8 5 0 9 2 4  3 1 7  1  ,  . 0 5  1  .  0 5  0 ,  . 0  .  1 2 9  7 .  9  4 ,  . 0  
H W L 9  8 5 0 9 2 4  3 1 7  1  .   1 6  1  .  1 6  0, . 0  . 0 4 0  7  ,  . 4  3 ,  . 3  
T W L O  8 5 0 9 2 4  3 1 0  . 5 0  5 0  0 . 0  . 0 2 1  7  ,  .  1  3 ,  . 4  
H C  8 5 0 9 2 4  3 4 8  . 9 1  , 9 1  0 . 0  . 0 1 6  7  ,  4  3 ,  .  2  
T C  8 5 0 9 2 4  3 1 2  . 7 5  , 7 5  0 . 0  . 0 4 6  7  ,  5  3 ,  . 8  
T W  8 5 0 9 2 4  4 3 6  6  . 4 2  6 .  , 4 2  0 . 0  1  ,  . 4 2 9  3 4 ,  5  1 0 ,  .  2  
T S W  8 5 0 9 2 4  7 2 0  2 0  . 6 3  2 0 .  . 6 8  . 0 5  5 ,  . 8 0 4  6 9 ,  , 2  1  7  ,  .  4  
N D  8 5 0 9 2 4  2 5 4  . 0 1  , 0 1  0 . 0  0 . 0  7  .   2  3 ,  . 0  
S D  8 5 0 9 2 4  2 5 8  0  . 0  0. . 0  0 . 0  0 . 0  7  ,  . 3  3 ,  . 0  
L I  8 5 1 0 2 2  - 3  1  . 8 9  1  .  8 9  0 . 0  . 0 1 2  1 3 7  .   7  1  ,  . 0  
L 2  8 5 1 0 2 2  1  1 2 0  3  . 7 0  1 3 .  , 7 0  1 0  . 0 0  1  1  ,  .  3 8 0  1 7 2 ,  . 9  3 6 ,  . 0  
L 3  8 5 1 0 2 2  1 1 1 4  2 7  . 0 9  2 7  .  , 1 3  . 0 4  1 2  .  1 9 0  1  7 4  .  8  3 6 .  3  
L 4  8 5 1 0 2 2  1 0 9 B  3 3  .  2 7  3 3 .  ,  2 7  0 . 0  1  1  ,  . 0 6 0  1 5 5 .  , 4  3 3 .  6  
L 5  8 5 1 0 2 2  1 8 8 2  4 5  . 5 0  4 5 .  . 5 0  0  . 0  8 ,  . 0 1 0  1 8 5 ,  . 0  1 3 .  . 2  
L 6  8 5 1 0 2 2  6 7 2  1  . 8 6  1 4 .  . 1 6  1 2  . 3 0  1 4  . 0 4 0  4 6 ,  . 9  1 8 ,  . 9  
L 7  8 5 1 0 2 2  6 7 8  1 0  .  1 7  1  2  .  , 6 2  2  . 4 5  1  1  ,  . 3 1 0  8 1  .  5  1 7 .  9  
L 8  8 5 1 0 2 2  6 7 2  7  . 0 2  8 .  , 7 4  1  . 7 2  1 0  . 5 8 0  7 3 .  9  1 6 .  0  
L 9  8 5 1 0 2 2  6 1 6  5  . 8 2  5 .  . 8 5  . 0 3  1  1  ,  . 0 6 0  6 0 ,  . 7  1  7  .  .  1  
L  1  0  8 5 1 0 2 2  - 3  .  7 2  . 7 2  0 . 0  0, . 0  2 3 .  , 1  , 6  
L I  1  8 5 1 0 2 2  6 6 1  2  . 9 7  1 4 .  , 9 7  1  2  . 0 0  1 1, . 8 7 0  4 9  .  , 7  1 7 .  , 6  
L  1  2  8 5 1 0 2 2  - 3  . 8 6  . 8 6  0 . 0  . 0 1 4  8 4 .  0  1  .  , 1  
L  1  3  8 5 1 0 2 2  1 0 0 8  8  .  2 5  8  .  , 2 9  . 0 4  9 ,  .  1 9 0  1 7 1  .  , 6  3 4 .  9  
L  1  4  8 5 1 0 2 2  8 8 5  1 7  . 0 6  1  7  .  , 0 6  0  . 0  1  1  ,  3 8 0  1 3 8 .  , 9  3 6 .  , 6  
L  1  5  8 5 1 0 2 2  7 6 2  1 3  . 2 8  1 3 .  , 3 3  . 0 5  7  ,  3 7 0  9 8 .  ,  1  1 8 .  3  
L  1  6  8 5 1 0 2 2  - 3  1  . 5 3  1  .  , 5 3  0, . 0  . 0 1 4  6 7 .  1  1  .  6  
T S T  8 5 1 0 2 2  7 6 7  - 3  . 0 0  2 6 .  ,  2 0  2 6 ,  .  2 0  1 4 .  . 2 4 0  4 5 .  , 7  2 9 .  5  
H S T  8 5 1 0 2 2  1 2 6 0  - 3  . 0 0  3 6 .  0 0  3 6 ,  . 0 0  1 4 .  . 6 0 0  1 7 1  .  3  6 3 .  4  
W H  8 5 1 0 2 2  3 5 3  . 2 7  2 7  0, . 0  . 0 1 4  7  .  4  3 .  7  
T W L  1  8 5 1 0 2 2  6 7 2  . 0 2  1 8  .  4 2  1 8  ,  . 4 0  1  1  .  , 0 6 0  4 0 .  5  1  7  .  7  
H W L 2  8 5 1 0 2 2  3 4 9  . 4 4  4 4  0, . 0  , 0 7 5  7  .  8  3 .  7  
FC PH TDS WTREL 
-  1  - 3  . 0  5 5 2  
-  1  - 3  . 0  5 7 7  
-  1  - 3  . 0  4 0 1  
- 1  - 3  . 0  5 1 6  
-  1  - 3  . 0  4 6 4  
- 1  - 3  . 0  7 2 2  
-  1  - 3  . 0  7 1 4  
- 1  - 3  . 0  5 2 1  
-  1  - 3  0  5 5 3  
-  1  - 3  0  7 3 1  
0  - 3  0  2 1 9  
1 0 0  - 3  0  3 9 6  5  . 0 4  
0  - 3  0  2 1 4  5  . 0 2  
0  - 3  0  3 0 3  4  . 8 9  
4  - 3  0  3 1 0  4  8 9  
5  - 3  0  2 6 6  4  8 7  
0  - 3  0  2 3 1  4  8 9  
0  - 3  0  3 5 3  4  8 5  
0  - 3  0  2 3 0  4  8 9  
0  - 3  0  2 2 6  4  9 4  
0  - 3  0  2 1 6  4  8 6  
0  - 3  0  2 6 0  5  0 0  
0  - 3  0  2 2 4  5  4 3  
0  - 3  0  3 1 6  5  0 0  
0  - 3  0  5 1 2  4  9 3  
- 1  - 3  0  1 9 1  
- 1  - 3  0  1 9 0  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
- 1  - 3  0  - 3  
0  - 3  0  - 3  
1 0 0  - 3 .  0  - 3  4 .  0 1  
4 0  - 3  0  - 3  3 .  9 6  
SAMPT DATE COND NQ3N TQTN NH3N 
T W L 3  8 5 1 0 2 2  4 0 3  
T W L 4  8 5 1 0 2 2  3 9 2  
H W L 5  8 5 1 0 2 2  3 8 1  
H W L 6  8 5 1 0 2 2  3 8 1  
T W L 7  8 5 1 0 2 2  4 9 8  
T W L 8  8 5 1 0 2 2  3 5 8  
H W L 9  8 5 1 0 2 2  3 6 7  
T W L O  8 5 1 0 2 2  3 5 1  
H C  8 5 1 0 2 2  3 6 4  
T W  8 5 1 0 2 2  4 3 9  
R I V R  8 5 1 0 2 2  2 9 3  
L I  8 5 1  1  1 4  - 3  
L 2  8 5 1 1 1 4  8 8 0  
L 3  8 5 1  1  1 4  8 7 5  
L 4  8 5 1  1  1 4  9 2 5  
L 5  8 5 1  1  1 4  - 3  
L 6  8 5 1 1  1 4  5 2 5  
L 7  8 5 1  1  1 4  6 2 5  
L 8  8 5 1  1  1 4  5 2 5  
L 9  8 5 1  1  1 4  4 4 0  
L  1  0  8 5 1  1  1 4  - 3  
L I  1  8 5 1  1  1 4  4 3 5  
L  1  2  8 5 1  1  1 4  - 3  
L  1  3  8 5 1  1  1 4  8 2 5  
L  1  4  8 5 1  1  1 4  7 2 5  
L  1  5  8 5 1  1  1 4  5 4 0  
T S T  8 5 1  1 1 4  6 0 0  
H S T  8 5 1  1  1 4  1 0 2 5  
W H  8 5 1  1  1 4  2 7 8  
T W L  1  8 5 1  1  1 4  4 9 5  
H W L 2  8 5 1  1 1 4  4 2 0  
T W L 3  8 5 1  1  1 4  2 9 8  
T W L 4  8 5 1  1  1 4  2 8 5  
H W L 5  8 5 1  1  1 4  2 9 0  
H W L 6  8 5 1  1  1 4  2 9 5  
T W L 7  8 5  1  1  1 4  3 5 5  
T W L 8  8 5 1  1  1 4  2 8 0  
H W L 9  8 5 1 1 1 4  2 8 8  
T W L O  8 5 1  1  1 4  2 7 8  
H C  8 5 1 1 1 4  2 9 8  
T W  8 5 1  1  1 4  3 3 0  
L I  8 5 1 2 0 9  - 3  
L 2  8 5 1 2 0 9  9 1 0  
L 3  8 5 1 2 0 9  9 0 0  
L 4  8 5 1 2 0 9  8 5 0  
L 5  8 5 1 2 0 9  - 3  
L 6  8 5 1 2 0 9  7 1 0  
L 7  8 5 1 2 0 9  5 7 5  
. 9 5  1  .  9 5  0 .  . 0  
. 0 7  1  .  0 7  0 .  , 0  
. 3 5  3 5  0 .  , 0  
. 5 9  . 5 9  0 .  , 0  
. 5 4  . 5 4  0 .  , 0  
. 5 4  5 4  0 .  . 0  
. 8 0  . 8 0  0 .  . 0  
. 3 0  . 3 0  0 .  . 0  
. 3 7  , 3 7  0 .  . 0  
. 6 1  2 .  . 6 1  0 .  . 0  
. 0  0. . 0  0, , 0  
. 5 4  6 .  . 5 4  0 ,  . 0  
. 0 8  3 0 .  . 2 8  1 7 ,  . 2 0  
. 0 0  5 7 .  . 1 6  1  ,   1 6  
. 6 2  8 0 .  , 6 2  0, . 0  
. 8 8  1 0 0 .  8 8  0 .  0  
. 3 4  2 2 ,  . 2 4  9 .  . 9 0  
. 7 5  4 0 .  8 4  , 0 9  
. 5 1  2 4 ,  . 4 1  4 ,  . 9 0  
. 5 6  1 6 .  9 0  . 3 4  
. 8 4  1  .  8 4  - 3  . 0 0  
. 3 5  1 6 ,  . 9 3  . 5 8  
. 0 3  2 .  0 6  . 0 3  
. 6 6  3 9 ,  . 6 9  . 0 3  
. 5 3  4 0 ,  . 5 3  0, . 0  
. 7 7  1  1  , .  7 7  0, . 0  
. 0 0  3 4  . 6 0  3 4 ,  . 6 0  
. 0 0  5 7  . 8 0  5 7  . 8 0  
. 6 1  . 6 1  0  . 0  
. 0  2 4  .  1 0  2 4  .  1 0  
. 9 1  1 5  . 9 4  . 0 3  
.  1 7  2  .  1 7  0 . 0  
.  7 8  1  . 7 8  0 . 0  
. 8 9  . 8 9  0 . 0  
. 0 5  1  . 0 5  0, . 0  
.  1 6  1  .  1 6  0 . 0  
. 5 6  . 5 6  0 . 0  
. 4 9  1  . 4 9  0 . 0  
. 6 7  . 6 7  0, , 0  
. 7 8  . 7 8  0, . 0  
. 2 8  5  .  2 8  0, . 0  
. 7 9  6 ,  . 7 9  0, . 0  
. 4 0  3 3 ,  .  1 0  2 0 ,  . 7 0  
. 8 0  4 8 ,  . 5 0  1 3 .  . 7 0  
. 8 0  7 3 ,  .  1 5  . 3 5  
. 6 0  1 2 9 ,  6 0  0. . 0  
.  2 0  2 3 .  , 2 6  9 .  . 0 6  
. 0 0  3 0 .  , 6 6  , 6 6  
1 
1 
2 
0 
6 
1 3  
5 6  
80 
100 
1 2  
4 0  
1 9  
1 6  
1 
16 
2 
3 9  
4 0  
1 1 
- 3  
- 3  
0 
1 5  
2 
1 
1 
1 
1 
5  
6 
1 2 
3 4  
7 2  
1 2 9  
1 4  
3 0  
0P04P NA CL FC PH TDS WTREL 
6 6 6  1 0  7  4  9  3  - 3  . 0  - 3  3  . 8 3  
2 3 2  1 2  8  4  4  1  - 3  . 0  - 3  3  . 8 4  
1  1  1  9  1  3  5  0  - 3  . 0  - 3  3  . 8 4  
0 6 5  9  4  4  7  0  - 3  . 0  - 3  3  . 8 4  
0 2 5  1  1  1  4  1  0  - 3  . 0  - 3  3  . 8 2  
1  1 7  9  1  3  9  5 6  - 3  . 0  - 3  3  . 8 4  
0 4 6  9  0  4  4  8  - 3  . 0  - 3  3  . 8 2  
0 1 7  7  4  3  8  0  - 3  . 0  - 3  3  . 8 9  
0  0  7  1  3  6  5  - 3  . 0  - 3  4  . 0 2  
1  0 0 0  2 6  5  6  2  1 0 0  - 3  . 0  - 3  3  . 9 0  
0  0  6  9  2  7  - 1  - 3  . 0  - 3  
0 1 0  1 5 4  6  1  2  - 1  - 3  . 0  - 3  
8  7 8 0  1 5 1  7  3 7  7  - 1  - 3  0  - 3  
1  1  6 0 0  1 5 5  8  3 7  4  - 1  - 3  0  - 3  
1 2  0 7 0  1 4 7  2  3 6  1  - 1  - 3  0  - 3  
7  8 3 0  2 0 7  1  1 4  2  - 1  - 3  0  - 3  
9  7 1 0  3 9  2  2 0  5  - 1  - 3  0  - 3  
1 0  3 5 0  7 4  2  2 0  2  - 1  - 3  0  - 3  
1  1  4 4 0  5 2  3  1 9  6  - 1  - 3  0  - 3  
1 2  0 7 0  4 0  9  2 0  2  - 1  - 3  0  - 3  
0 1 0  2 0  4  8  - 1  - 3  0  - 3  
1 2  2 5 0  3 8  0  2 0  3  - 1  - 3  0  - 3  
0 1 3  8 4  5  1  4  - 1  - 3  0  - 3  
9  4 0 0  1 5 3  9  3 7  4  - 1  - 3  0  - 3  
1 0  8 9 0  1 6 0  8  3 7  7  - 1  - 3  0  - 3  
8  4 6 0  8 4  5  1 9  4  - 1  - 3  0  - 3  
1 2  2 5 0  3 5  9  2 7  1  - 1  - 3  0  - 3  
1  1  7 6 0  1 4 9  4  6 5  8  - )  - 3  0  - 3  
0  0  7  1  3  9  - 1  - 3  0  - 3  
9  7 2 0  3 3  7  2 0  6  1 0 0  - 3  0  - 3  3  4 8  
2 9 4  3 9  7  1 5  0  1 0 0  - 3  0  - 3  3  4 8  
2 1  1  1 0  3  4  7  1 5  - 3  0  - 3  3  3 7  
2 5 6  1 0  4  4  7  0  - 3  0  - 3  3  3 3  
0 7 4  7  9  3  9  0  - 3  0  - 3  3  3 6  
0 1 4  1  1  8  4  8  6 0  - 3  0  - 3  3  3 2  
0 1 9  9  9  4  3  - 1  - 3  0  - 3  3  3 0  
0 3 8  8  2  4  0  1 0  - 3  0  - 3  3  3 3  
0 5 2  9  5  4  5  0  - 3  0  - 3  3  3 2  
0 1 7  7  0  4  0  0  - 3  0  - 3  3  4 2  
0 1 4  7  2  3  8  - 1  - 3  0  - 3  3  5 7  
3 5 2  1 9  0  6  8  - 1  - 3  0  - 3  3  4 6  
0  0  - 3  0  - 3  0  - 1  - 3  0  - 3  
1 0  3 6 0  1  2 9  3  4 4  5  - 1  - 3  0  - 3  
1 0  9 9 0  1 3 2  3  4 4  9  - 1  - 3  0  - 3  
1 0  7 5 0  1  2 9  6  4 0  6  - 1  - 3  0  - 3  
6  7 8 0  1  6 6  5  1 9  0  - 1  - 3  0  - 3  
9  7 7 0  4 2  1  2 2  8  - 1  - 3  0  - 3  
1  1  0 1 0  6 4  1  2 2  4  - 1  - 3 .  0  - 3  
SAMPT DATE COND NQ3N TOTN NH3N 
L 8  8 5 1 2 0 9  6 1 0  1  .  6 1  2 3 .  3 1  2 1  .  7 0  
L 9  8 5 1 2 0 9  4 5 0  3 .  6 1  1 5 .  2 1  1  1  .  6 0  
L  1  0  8 5 1 2 0 9  - 3  3 .  2 2  3 .  2 2  - 3 .  0 0  
L  1  1  8 5 1 2 0 9  5 7 5  3 8 .  4 0  3 8 .  4 0  0 .  0  
L 1  2  8 5 1 2 0 9  - 3  2 .  2 6  2 .  2 6  0 .  0  
L I  3  8 5 1 2 0 9  7 9 0  1 3 .  5 0  1 4 .  8 0  1  .  3 0  
L 1  4  8 5 1 2 0 9  8 5 0  4 5 .  1 9  4 5 .  1 9  0 .  0  
L 1  5  8 5 1 2 0 9  4 3 0  1 5 .  6 0  1 5 .  6 0  0 .  0  
T S T  8 5 1 2 0 9  6 5 0  - 3 .  0 0  3 6 .  ,  1 0  3 6 .  1 0  
H S T  8 5 1 2 0 9  1 0 0 5  - 3 .  0 0  5 1  .  4 0  5 1  .  4 0  
W H  8 5 1 2 0 9  3 0 0  6 9  , 6 9  0 .  0  
T W L  1  8 5 1 2 0 9  4 1 5  1 9  8 .  , 2 6  8 .  0 7  
H W L 2  8 5 1 2 0 9  6 1 0  2 8 .  8 0  2 8 .  , 8 0  0 .  0  
T W L 3  8 5 1 2 0 9  3 1 8  2 .  , 3 0  2 .  , 3 0  0 .  0  
T W L 4  8 5 1 2 0 9  3 5 5  1  .  , 9 9  1  .  9 9  0 .  0  
H W L 5  8 5 1 2 0 9  3 0 0  , 6 8  . 6 8  0 .  0  
H W L 6  8 5 1 2 0 9  3 0 8  , 5 8  . 5 8  0 .  0  
T W L 7  8 5 1 2 0 9  3 2 0  , 7 7  . 7 7  0 .  0  
T W L 8  8 5 1 2 0 9  3 0 0  , 2 5  ,  2 5  0 .  , 0  
H W L 9  8 5 1 2 0 9  3 0 8  1  .  . 2 2  1  .   2 2  0 ,  0  
T W L O  8 5 1 2 0 9  2 9 5  . 6 7  . 6 7  0 .  , 0  
H C  8 5 1 2 0 9  2 9 8  . 7 8  . 7 8  0 .  , 0  
T W  8 5 1 2 0 9  3 3 0  5 .  . 4 1  5 ,  . 4 1  0 .  , 0  
L 2  8 6 0 2 1 1  1 0 0 0  4 3 .  8 5  4 9 ,  . 5 3  5 .  6 0  
L 3  8 6 0 2 1  1  1 0 2 5  6 2 .  . 5 0  6 3 ,  . 6 6  1  .  ,  1 6  
L 4  8 6 0 2 1 1  9 9 0  5 2 .   1 0  5 2  . 5 1  4 1  
L 5  8 6 0 2 1 1  - 3  1 3 6 ,  . 5 9  1 3 6  . 5 9  0 .  . 0  
L 6  8 6 0 2 1 1  7 4 0  1  1  ,  . 0 2  2 5  .  1 2  1 4 .  , 1 0  
L 7  8 6 0 2 1 1  5 9 0  2 7  . 5 3  2 8  . 3 9  . 6 6  
L 8  8 6 0 2 1 1  7 9 0  3  . 6 0  2 7  .  1 0  2 3 .  , 5 0  
L 9  8 6 0 2 1  1  6 2 0  1 7  . 8 1  2 0  . 0 0  2  ,  .  1 9  
L I  1  8 6 0 2 1 1  6 9 5  3 8  . 5 3  3 8  . 5 6  . 0 3  
L  1  3  8 6 0 2 1  1  8 7 0  3 1  .  1 9  3 1  .  2 2  . 0 3  
L  1  4  8 6 0 2 1 1  8 3 0  3 9  . 0 8  3 9  . 0 8  0 .  , 0  
L 1 5  8 6 0 2 1  1  6 2 5  3 2  .  1  1  3 2  .  1  1  0 .  , 0  
T S T  8 6 0 2 1  1  8 0 0  - 3  . 0 0  3 0  .  2 0  3 0 .  ,  2 0  
H S T  8 6 0 2 1 1  1 2 2 5  - 3  . 0 0  5 7  . 5 0  5 7 .  5 0  
W H  8 6 0 2 1  1  3 2 3  . 2 1  .  2  1  0 .  . 0  
T W L  1  8 6 0 2 1 1  4 8 8  0  . 0  8  . 6 6  B .  6 6  
H W L 2  8 6 0 2 1  1  7 2 0  3 5  . 6 0  3 5  . 6 0  0 .  . 0  
T W L 3  8 6 0 2 1  1  3 3 0  2  . 0 9  2  . 0 9  0 .  , 0  
T W L 4  8 6 0 2 1  1  3 4 0  1  . 2 3  1  . 2 3  0 .  , 0  
H W L 5  8 6 0 2 1  1  3 2 5  .  1 6  .  1 6  0 .  0  
H W L 6  8 6 0 2 1  1  3 2 0  .  1  1  .  1  1  0 .  0  
T W L 7  8 6 0 2 1  1  3 5 0  .  1 6  .  1 6  0 .  0  
T W L 8  8 6 0 2 1  1  3 3 4  .  1 0  .  1 0  0 .  0  
H W L 9  8 6 0 2 1  1  3 3 0  . 9 9  . 9 9  0 .  0  
T W L O  8 6 0 2 1  1  3 2 6  ,  1 9  .  1 9  0 .  0  
0P04P NA CL FC PH TDS WTREL 
1 0  0 0 0  4 1  6  2 5  0  - 1  - 3  . 0  - 3  
1  1  4 0 0  2 7  6  1 8  8  - 1  - 3  . 0  - 3  
0  0  - 3  0  - 3  0  - 1  - 3  . 0  - 3  
9  6 1 0  4 0  2  2 0  3  - 1  - 3  . 0  - 3  
0 4 8  - 3  0  1  3  - 1  - 3  . 0  - 3  
9  7 1 0  1 2 3  1  4 4  8  - 1  - 3  . 0  - 3  
9  3 4 0  1 5 3  3  4 2  2  - 1  - 3  . 0  - 3  
6  7 8 0  6 3  6  2 1  6  - 1  - 3  0  - 3  
1 0  8 7 0  3 8  9  3 6  7  - 1  - 3  . 0  - 3  
9  6 1 0  1 6 8  4  1 0 9  5  - 1  - 3  0  - 3  
0 0 8  7  3  4  0  - 1  - 3  0  - 3  
3  1 5 0  1 8  7  9  9  - 1  - 3  0  - 3  3  . 0 3  
2  3 4 0  8 9  2  2 6  1  - 1  - 3  0  - 3  3  . 0 5  
2 0 8  9  9  4  8  - 1  - 3  0  - 3  2  8 6  
1 0 1  1  1  6  4  7  - 1  - 3  0  - 3  2  8 4  
0 6 3  7  7  4  2  - 1  - 3  0  - 3  2  . 8 8  
0 4 3  9  1  4  1  - 1  - 3  0  - 3  2  6 8  
0 2 1  9  1  4  3  - 1  - 3  0  - 3  2  8 4  
0 1  1  B  2  4  1  - 1  - 3  0  - 3  2  8 9  
0 1 7  B  9  4  4  - 1  - 3  0  - 3  2  8 8  
0 1 0  7  3  3  6  - 1  - 3  0  - 3  2  9 0  
0 1  1  7  4  4  0  - 1  - 3  0  - 3  3  1 4  
1  0 3 0  1 5  2  7  3  - 1  - 3  0  - 3  2  9 9  
7  8 0 7  1 5 3  4  4 5  7  - 1  - 3  0  - 3  
9  5 7 4  1 8 3  6  4 6  2  - 1  - 3  0  - 3  
7  8 4 7  1  1 7  0  2 6  7  - 1  - 3  0  - 3  
6  7 4 7  1 4 3  1  2 4  1  - 1  - 3  0  - 3  
4  1  1 7  8 1  1  2 1  4  - 1  - 3  0  - 3  
3  6 4 6  6 8  5  2 2  0  - 1  - 3  0  - 3  
6  3 5 5  9 7  2  2 2  2  - 1  - 3  0  - 3  
7  6 5 0  7 7  9  2 1  4  - 1  - 3  0  - 3  
6  5 5 1  8 6  5  2 1  1  - 1  - 3  0  - 3  
9  8 1 0  1 5 7  9  4 1  6  - 1  - 3  0  - 3  
9  5 3 5  1 5 5  5  3 7  8  - 1  - 3  0  - 3  
7  7 2 9  8 0  1  2 1  7  - 1  - 3  0  - 3  
4  8 6 3  9 5  B  3 1  1  - 1  - 3  0  - 3  
6  6 3 2  1 8 4  4  6 7  5  1  - 3  0  - 3  
0  0  6  9  4  0  0  - 3  0  - 3  
1  2 1  1  2 9  7  9  7  0  - 3  0  - 3  2  8 5  
4  6 7 8  1 0 1  5  2 8  1  0  - 3  0  - 3  2  7 8  
1 9 6  1 0  1  4  9  0  - 3  0  - 3  2  6 4  
0 7 8  6  2  4  6  0  - 3  0  - 3  2  6 3  
0 3 6  7  7  4  1  0  - 3  0  - 3  2  5 8  
0 3 9  8  1  4  3  0  - 3  0  - 3  2  6 2  
0 1 5  8  1  4  6  0  - 3  0  - 3  2  5 7  
0 1 5  7  8  4  2  0  - 3  0  - 3  2  3 0  
0 4 7  8  4  4  4  0  - 3  0  - 3  2 .  6 2  
0 1 2  7  5  3  9  0  - 3 .  0  - 3  2 .  6 7  
S A M P T  D A T E  C O N D  N Q 3 N  T O T N  N H 3 N  
H C  8 6 0 2 1 1  3 2 8  2 0  2 8  0 .  0  
T W  8 6 0 2 1 1  - 3  1 2 .  8 6  1 2 .  9 0  0 4  
W H  8 6 0 3 2 1  3 4 0  ,  7 3  7 3  0 .  0  
T W L  I  8 6 0 3 2 1  5 3 0  3 6  7 .  2 7  6 .  9 1  
H W L 2  8 6 0 3 2 1  3 4 3  1  .  .  5  1  1  .  5 1  0 .  0  
T W L 3  8 6 0 3 2 1  3 5 6  2 .  6 0  2 ,  6 0  0 .  0  
T W L 4  8 6 0 3 2 1  3 7 8  1  .  , 9 7  1  .  , 9 7  0 .  0  
H W L 5  8 6 0 3 2 1  3 3 5  , 7 8  ,  7 8  0 .  0  
H W L 6  8 6 0 3 2 1  3 4 9  1  .  , 5 9  1  .  . 5 9  0 .  0  
T W L 7  8 6 0 3 2 1  4 0 8  1  ,  , 5 1  1  . 5 1  0 .  0  
T W L 8  8 6 0 3 2 1  3 4 9  1  .  ,  1 6  1  ,  .  1 6  0 .  0  
H W L 9  8 6 0 3 2 1  3 5 0  2 .  , 1 6  2 ,  .  1 6  0 .  0  
T W L O  8 6 0 3 2 1  3 3 3  . 7 2  . 7 2  0 .  0  
H C  8 6 0 3 2 1  3 5 0  1  .  , 6 2  1  ,  . 6 2  0 .  0  
T W  8 6 0 3 2 1  3 9 2  6 ,  . 8 6  6  . 8 6  0 .  0  
W H  8 6 0 5 0 6  3 6 2  . 7 3  . 7 3  0 .  , 0  
T W L  1  8 6 0 5 0 6  8 5 1  . 5 5  2 0  . 0 5  1 9 .  , 5 0  
H W L 2  8 6 0 5 0 6  3 4 0  1  ,  . 0 1  1  ,  . 0 1  0 .  , 0  
T W L 3  8 6 0 5 0 6  3 6 3  3 .  . 8 1  3 ,  . 8 1  0 .  0  
T W L 4  8 6 0 5 0 6  3 8 0  3  . 9 9  3  . 9 9  0 .  0  
H W L 5  8 6 0 5 0 6  3 3 6  . 8 8  . 8 8  0 .  0  
t o  H W L 6  8 6 0 5 0 6  3 5 0  1  . 3 1  1  . 3 1  0 .  . 0  
N >  T W L 7  
• j 0  T W L 8  
8 6 0 5 0 6  4 1 0  1  . 9 2  1  . 9 2  0 ,  , 0  
8 6 0 5 0 6  3 4 8  1  . 9 0  1  . 9 0  0 ,  , 0  
H W L 9  8 6 0 5 0 6  3 4 0  1  . 4 1  1  . 4 1  0 .  0  
T W L O  8 6 0 5 0 6  3 3 1  . 7 6  . 7 6  0 .  , 0  
H C  8 6 0 5 0 6  3 3 9  1  . 0 3  1  . 0 3  0 ,  , 0  
T C  8 6 0 5 0 6  3 2 8  1  . 0 1  1  . 0 1  0 ,  , 0  
T W  8 6 0 5 0 6  4 2 2  9  . 3 0  9  . 3 5  . 0 5  
R I V R  8 6 0 5 0 6  1 7 7  . 0 8  . 0 8  0 .  , 0  
Q P 0 4 P  N A  C L  F C  P H  T D S  W T R E L  
0  0  7  8  6  2  0  - 3  0  - 3  2  . 9 0  
1  9 4 5  2 6  3  1 2  4  0  - 3  0  - 3  2  . 7 5  
0  0  7  3  4  1  - 1  8  0  - 3  
1  7 9 8  3 6  4  1  1  1  - 1  7  1  - 3  4  1  1  
4 5 2  1 0  8  4  6  - 1  7  8  - 3  4  1  1  
2 7 7  1  1  2  5  5  - 1  7  7  - 3  3  9 5  
1 2 8  9  5  4  6  - 1  7  7  - 3  2  9 5  
0 5 6  7  5  4  3  - 1  7  9  - 3  3  9 7  
0 5 4  1 0  1  5  0  - 1  7  9  - 3  3  9 7  
0 1 8  8  7  4  9  - 1  7  8  - 3  3  9 3  
0 9 6  8  3  4  5  - 1  7  8  - 3  4  0 1  
0 9 4  1  1  1  5  1  - 1  7  8  - 3  3  9 9  
0 1 6  7  4  4  0  - 1  7  9  - 3  4  0 1  
0  0  7  4  4  8  - 1  7  9  - 3  4  2 3  
1  1 9 1  1 6  6  7  4  - 1  7  7  - 3  4  1 2  
0 1 2  7  4  4  2  - 1  - 3  0  - 3  
2  3 1  1  7 7  6  2 3  3  1 0 0  - 3  0  - 3  4  6 9  
1  1 6  7  9  4  3  1 5  - 3  0  - 3  4  6 2  
3 3 8  1 2  7  5  8  - 1  - 3  0  - 3  4  5 2  
1 9 9  8  9  4  5  - 1  - 3  0  - 3  3  5 0  
0 6 1  7  8  4  3  - 1  - 3  0  - 3  4  5 0  
0 6 8  1 0  6  4  8  - 1  - 3  0  - 3  4  5 4  
0 2 9  9  2  4  8  -  1  - 3  0  - 3  4  5 0  
0 8 2  8  5  4  3  - 1  - 3  0  - 3  4  5 4  
1  2 5  9  4  4  5  1  - 3  0  - 3  4  5 3  
0 1 8  7  4  4  2  - 1  - 3  0  - 3  4  5 6  
0 1 3  7  4  4  1  - 1  - 3  0  - 3  4  6 7  
0 3 4  7  5  4  1  - 1  - 3  0  - 3  4  8 9  
1  1 4 2  2 1  8  8  5  0  - 3  0  - 3  4  6 0  
0  . 0  3  6  1  6  - 1  - 3  0  - 3  
Water Elivitioni in Flit above Hian Sea Level, 
June 5, 19B4 to March 2B, 19B6, by Well for 
Hicsoula Valley On-lite Septic Syitea Study 
Well Head Water elevation = 3120 + reading = feet above MSL 
Elevation, ft. 
+ 3120 * MSL 840&05 B40618 B40703 B40711 B40716 840723 840730 B40806 840813 840821 840826 
THell 1 16.445 0 0 0 0 0 0 0 0 0 0 0 
HWell 2 16.010 0 0 0 0 0 0 0 0 0 0 0 
TWell 3 16.665 0 0 0 0 0 0 0 0 0 0 0 
TWell 4 15.960 0 0 0 0 0 0 0 0 0 0 0 
HNell 5 16.195 0 0 0 0 0 0 0 0 0 0 0 
HWell 6 16.075 0 0 0 0 0 0 0 0 0 0 0 
TWell 7 15.910 0 0 0 0 0 0 0 0 0 0 0 
TWell 6 16.085 0 0 0 0 0 0 0 0 0 0 0 
HWell 9 15.845 0 0 0 0 0 0 0 0 0 0 0 
TWell 10 16.645 0 0 0 0 0 0 0 0 0 0 0 
HC 16.002 0 0 0 7.29 7.06 6.20 6.19 6.29 6.03 5.62 5.70 
TW 16.220 0 0 0 7.10 6.93 6.16 6.17 6.24 5.97 5.59 5.62 
TC 16.420 0 7.77 7.90 7.42 7.32 6.36 6.36 6.45 6.22 5.79 6.03 
TSW 16.180 7.16 7.52 7.65 7.12 6.90 6.07 6.0B 6.15 5.88 5.47 5.50 
HW 16.140 0 
Ditch 
on 
0 0 7.10 6.96 6.10 6.11 6.23 5.97 0 0 
840904 B40910 840919 840927 841001 841002 841003 841004 841008 841016 841023 841031 841106 
TWtll 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
HWell 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
TWell 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
TWell 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
HWell 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
HWell 6 0 0 0 0 0 0 0 0 0 0 0 0 0 
TWall 7 0 0 0 0 0 0 0 0 0 0 0 0 0 
TWell 8 0 0 0 0 0 0 0 0 0 0 0 0 0 
HWell 9 0 0 0 0 0 0 0 0 0 0 0 0 0 
TWell 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
HC 5.55 5.43 5.17 5.02 4.71 4.57 4.49 1.41 4.18 3.86 3.65 3.55 3.46 
TW 5.51 5.42 5.12 4.97 4.65 4.51 4.43 • .34 4.11 3.78 3.56 3.41 3.36 
TC 5.45 5.60 5.30 5.14 4.84 4.69 4.62 0 0 0 0 0 0 
TSW 5.39 5.30 5.01 4.83 4.51 4.39 4.26 0 0 0 0 0 0 
HW 0 0 0 0 0 
Ditch 
off 
0 0 0 0 0 0 0 0 
Note: Where values are 0, wells wpre either not installed as yet 
or well Mas dry due to Mater table drop. Measurements for 
TWell 1 and HWell 2 Mere not taken for 850814. 
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Water Elevations, continued 
841114 841118 841130 841204 841216 850108 850610 850624 850708 850725 850814 850830 
TWell  
HWell 7 " 0 0 0 0 0 0 
TWell 3 0 0 0 0 0 0 0 
0 
0 
0 
0 
0 
0 
0 
0 
7.77 
7.64 
7.87 
7.62 
7.84 
Ditch 
on 
650920 851005 851103 851207 851217 860117 860206 860313 860428 
TMtll 
HNell 
HNell 
TWell 
TWell  
HNell 
TWell 
HC 
TN 
TC 
TSW 
HN 
1 
2 
0 0 0 0 
3 
4 
5 
6 
7 
0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 / 
8 
0 
0 0 0 0 0 0 
0 0 0 0 0 0 T 
10 
0 0 0 0 0 0 
0 0 0 0 0 0 
3.30 3.20 3.01 2.87 2.69 2.39 
3.18 3.08 2.88 2.75 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 5.64 0 5.19 
0 0 5.53 0 5.13 
0 0 5.52 6.05 5.08 
0 0 5.50 6.03 5.12 
0 0 5.49 6.11 5.07 
0 0 5.48 6.15 5.06 
0 0 5.52 6.05 5.09 
0 0 5.51 6.06 5.10 
0 0 5.46 6.10 5.06 
0 0 5.49 6.05 5.10 
6.81 6.35 5.60 6.26 5.21 
6.77 6.24 5.60 6.16 5.17 
6.96 6.52 5.77 6.36 5.33 
6.73 6.19 5.51 6.08 5.06 
6.73 6.35 0 0 0 
TWell 1 5.28 4.43 3.71 3.05 3.00 2.70 2.62 4.06 4.60 
HNell 2 5.20 4.33 3.69 3.07 3.04 2.74 2.67 4.05 4.56 
TWell 3 5.11 4.23 3.54 2.87 2.83 2.52 2.44 3.89 4.42 
TNell 4 5.12 4.24 3.55 2.87 2.83 2.52 2.44 3.B8 4.42 
HNell 5 5.12 4.25 3.57 2.89 2.85 2.55 2.48 3.92 4.45 
HNell 6 5.10 4.24 3.56 2.90 2.85 2.53 2.46 3.90 4.43 
TNell 7 5.12 4.24 3.55 2.85 2.80 2.47 2.39 3.B4 4.40 
TNell 8 5.14 4.27 3.55 2.89 2.85 2.53 2.12 3.92 4.45 
HNell 9 5.12 4.24 3.57 2.B9 2.85 2.54 2.47 3.91 4.44 
TWell 10 0 0 0 0 0 2.57 2.50 3.93 4.46 
HC 5.30 4.45 3.79 3.15 3.12 2.81 2.74 4.15 4.67 
TW 5.26 4.37 3.68 3.01 2.96 2.64 2.58 4.02 4.55 
TC 5.45 0 0 0 0 0 0 0 4.77 
TSW 5.14 4.41 0 0 0 0 0 0 4.38 
HW Ditch 
off 
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Aggendix K 
Water Meter Data and Calculations 
Readings have been converted to liters. 
Site T, 1984 
Date Amount, L. Prorated 
840618 
840703 
840716 
840730 
840813 
840826 
840910 
Apportioned Total 
0 
13308. 1 
15322. 3 
10002.7 
6236.7 
11915. 5 
11065.3 Total for 840618 to 840910 = 67850.6 L. 
840910 
840920 
840925 
841003 
841008 
0 
test 
11440.4 
test 
13569.3 
7626.9 
3813. 5 
8350.3 
5219.0 
841023 13070.4 13070. 4 
841106 12284. 2 12284. 2 
841107 test 764. 0 
841118 9167.7 8403. 7 
841119 test 981. 1 
841204 15698.1 14716. 9 
841205 test 841. 3 
850108 29445.7 28604. 4 
850109 test 841. 3 
Column 
Total Ioiil7.0 
7626.9 «• 6081.9 - 13708.8 
(3813.5 + 8350. 3)/2 = 6081.9 
6081.9 • 15668.8 21750.7 
(5219.0 * 13070.4 * 12284.2 
* 764. 0) /2 - 15668.8 
15668.8 + 4692.4 - 20361.2 
(8403.7 *981. 1 ) / 2 = 4692.4 
4692.4 * 7779.1 - 12471.5 
(14716.9 * 841. 3) /2 = 7779.1 
7779.1 • 14722.9 22502.2 
(28604.4 • 841. 3)/2 = 14722.9 
14722.9 
105517. 1 
Irrigation 840618 
Site T, 1985 
Date Amount, L. 
/121 days = 872.0 L./day 
to 840826 = 166398.3 L. 
/69 days - 2411.6 L./day 
Prorated Apportioned Total 
850610 
850613 
850729 
850729 
850801 
850814 
850903 
242665.4 
91645.1 
0 
test 
14393.0 
read/test 
19773.1 
Readings not used, too high, one water 
meter had been unhooked, so data is 
unreliable. 
2698.7 2698.7 * 15733.7 = 18432.4 
11694.3 (11694.3 * 19773.1 - 15733.7) 
19773.1 15733.7 • 10726.0 - 26459.7 
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Site T, 1985, continued 
Date Amount, L. Prorated Apportioned Total 
850924 test 21451.9 
851005 32688.6 11236. 7 
851022 test 15179. 2 
851103 25894.0 10714. 8 
851114 test 8944. 9 
851209 read/test 20329. 4 
29274.3 
860117 31584.8 31584. 8 
860211 test 19933. 6 
860313 45448.6 25515. 0 
860321 test 9834. 2 
860428 54087.9 44253. 7 
860506 test 9834. 2 
Column 
Total 262978.5 
Irrigation 850613 
10726.0 • 13208. 
(21451.9)/2 - 10726.0 
(11236.7 • 15179.2)/2 = 
13208.0 * 9829. 
(10714.8 > 8944. 9)/2 = 
9829.9 • 10164. 
10164.7 * 25759. 
(20329.4)/2 = 10164.7 
(31584.8 • 19933.6)/2 -
25759.2 • 17674. 
(25515.0 • 9834.2)/2 -
17674.6 * 27044. 
(44253.7 • 9834.2)/2 
/281 days 935.9 L./day 
to 850903 111849.4 L. 
/82 days 1364.0 L./day 
0 23934.0 
13208.0 
9 a 23037.8 
9829. 9 
7 = 19994.6 
2 = 35923.9 
25759.2 
6 43433.8 
17674.6 
0 ~ 44718.6 
27044.0 
27044.0 
262978.8 
Site H, 1984 
Date Amount, L. Prorated Apportioned Total  
840616 0 
840618 738. 1 
840703 6215. 1 
840716 9275. 6 
840730 4048. 0 
840813 4082.1 
840826 8017.7 
840910 4505. 3 Total 840616 ti 
840910 0 
840920 test 3693. 5 
840925 5540. 2 1846. 7 (1846 
841003 test 2562. 4 
841008 4163. 9 1601. 5 
(1601 
841023 5678. 0 5678. 0 
841106 4542.4 4542. 4 
841107 test 441. 6 
841118 5299. 5 4857. 9 (4857 
841119 test 402. 2 
841204 6435. 1 6032. 9 (6032 
841205 test 599. 3 
841216 7192.1 6592. 8 (6592 
- 36881.9 L. 
3693.5 • 2204.6 = 5898.1 
* 2562. 4)/2 = 2204.6 
2204.6 • 6131.8 = 8336.4 
* 5678.0 • 4542.4 
* 441.6)/2 = 6131.8 
6131.8 * 2630.1 = 8761.9 
*402.2)/2 = 2630.1 
2630. 1 * 3316. 1 = 5946.2 
* 599.3)/2 3316.1 
3316.1 * 11591.2 - 14907.3 
* 15898.4 
* 691. 2)/2 = 11591.2 
850108 15898.4 15898.4 
-232-
Site H, 1984, continued 
Date Amount, L. Prorated Apportioned Total 
850109 test 691.2 
Column 
Total 55440.8 
/121 days = 458.2 L./day 
Irrigation 840618 to 840925 = 260130.4 
/99 days - 2627.6 L./day 
Site H, 1985 
Date Amount, L. Prorated Apportioned 
11591.2 
55441.1 
Total 
850610 0 
850729 28585. 7 
850729 0 
850801 test 1849. 0 1849.0 * 6387.5 8236. 5 
850814 9861.2 8012. 2 (8012.2 • 4762.7 6387.45) 
850903 read/test 4762. 7 6387.5 * 5666.1 - 12053. 5 
4762.7 
850924 test 11332. 1 5666.1 * 7760.6 - 13426. 7 
(11332. 1)/2 = 5660. 1 
851005 17267.9 5935. 8 (5935.8 * 9585.4)/2 - 7760.6 
851022 test 9585. 4 7760.6 • 6159.0 = 13919. 6 
851103 16351.5 6766. 1 (6766.1 * 5551.9>/2 6159.0 
851114 test 5551. 9 6159.0 * 6309.1 = 12468. 1 
851209 read/test 12618. 1 6309.1 • 17249.9 = 23558. 9 
18170.0 (12618. 1)/2 6309.1 
860117 22712.0 22712. 0 (22712. 0 * 11787. 7)/2 - 17249.9 
860211 test 11787. 7 17249.9 + 11132.0 28372. 9 
860313 26875.9 15088. 2 (15088. 2 - 7157.7)/2 = 11123.0 
860321 test 7157. 7 11123.0 + 19683.8 30806. 7 
860428 39367.5 32209. 8 (3209.8 7157. 7)/2 = 19683.8 
860506 test 7157. 7 19683. 8 
Column 
Total 162526. 4 162526.8 
/281 days - 578.4 L./day 
Irrigation 850610 to 850903 - 238562.5 
/85 days = 2806.6 L./day 
Note: Water used for washing test equipment at outside house 
spigots came to less than 2% of septic tank addition readings for 
the period, so readings were not corrected to reflect this small 
amount. 
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Water Meter Reading Data, Gal. (1) 
nc - no change 
* = water used during course of sampling 
Site H 
Date House In : House Back House Front Septic Irr. Irr. 
Reading Reading Reading Amount Reading Amount 
add to Irr. 
840616 310200 2. 5 3. 3 3. 2 
840618 310400 3. 0 3. 3 195. 0 2. 9 0 
860703 312400 131. 6 232. 8 1641.9 7377.0 7603. 6 
860716 319600 1734. 6 3379.4 2450.4 22735.5 18505. 1 
840730 322000 1741. 2 4703.4 1069.4 41588.9 20177.4 
840813 324700 2700. 8 4735. 4 1708.4 52048.2 10491.3 
840826 329400 2785. 9 7232. 2 2118.1 57365.2 7813. 8 
840910 330700 2892. 0 7235. 9 1190.2 59138.9 1777.4 
840925 332200 2927. 9 7236.4 1463.6 61494.7 2355.8 
841008 333300 2928. 3 7236.4 1100.0 61494.3 0. 0 
841023 334800 2928. 4 7236.4 1500.0 61496.0 1. 7 
841106 336000 nc nc 1200.0 61496.2 . 2 
841118 337400 nc nc 1400.0 nc 0. 0 
841204 339100 nc nc 1700.0 nc 0. 0 
841216 341000 nc nc 1900.0 nc 0. 0 
850108 345200 nc nc 4200.0 nc 0. 0 
Begin 2nd year 
850610 375000 2928. 4 7237.0 68092.2 
850729 395300 11425. 7 11488.0 7551.7 112558.7 48717.5 
850814 402000 13735. 3 13273.3 2605.1 119471.3 8697.9 
850903 405600 15979. 2 13371.2 1258.2 124980.9 5607. 5 
851005 410600 16395. 8 13392.8 4561.8 124984.9 25. 6 
851103 415100 nc 13393.1 4319.7 124985.0 . 3 
851209 419900 nc nc 4800.0 nc 0. 0 
860117 425900 nc nc 6000. 0 nc 0. 0 
860313 433000 nc nc 7100.0 nc 0. 0 
860428 443400 nc nc 10400.0 nc 0. 0 
Site T 
Date House House House House Septic Irr. Irr. 
In Back Side Garden Amount Reading Amount 
Reading Reading Reading Reading 
add to Irr. 
840618 567459. 9 5. 2 1456. 5 1015. 0 
840703 591951. 9 3887. 8 5701. 3 13863. 9 3515. 7 4244.8 
840716 638007. 7 15380. 0 23151. 0 26930. 0 4047. 8 17449.7 
840730 678681. 1 23614. 5 41532. 4 38345. 0 2642. 5 18381.4 
840813 688662. 0 29826. 5 43636. 7 38362. 0 1647. 6 2104.3 
840826 693817. 0 29884. 6 45415. 2 38532. 6 3147. 8 1778.5 
840910 697913. 9 30647. 2 45481. 6 38877. 3 2923. 2 66. 4 * 
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Site T, continued 
Date House House House 
In Back Side 
Reading Reading Reading 
add to Irr. 
Q40925 702069.5 30647.2 45529.2 
841008 705786.8 30647.2 45598.4 
841023 709335.1 30684.7 45598.5 
841106 712900.5 30685.2 45630.5 
841118 715396.7 nc nc 
841204 719543.8 nc nc 
850108 727322.7 nc nc 
Start 2nd Year 
850613 847507.9 30690.1 45634.2 
850729 970677.1 35270.7 66752.2 
Meter had been disconnected from 
850814 976268.7 35792.0 67895.8 
850903 987179.2 35795.2 69332.4 
851005 998147.2 37409.7 69877.4 
House Septic Irr. Irr. 
Garden Amount Reading Amount 
Reading 
39963.0 3022.3 
40026.4 3584.7 
40084.3 3452.9 
40372.0 3245.2 
40446.3 2421.9 
nc 4147.1 
nc 7778.9 
47. 6 
69. 2 
0. 0 
32. 0 
0. 0 
0. 0 
0. 0 
851103 1005156.4 nc 69991.4 
851209 1012890.0 nc nc 
860117 1021234.0 nc nc 
860313 1033240.5 nc nc 
860428 1047499.3 nc nc 
40450.0 
113710.0 24210 0.9 21118.9 
spigot. Reconnected. 
113834.4 3802.3 0.9 1144.5 
118081.5 5223.6 5851.6 7287.3 
118254.4 8635.6 5935.4 628.8 
118308.8 6840.6 nc 114.0 
nc 7733.6 nc 0.0 
nc 8344.0 nc 0.0 
nc 12006.5 nc 0.0 
nc 14288.8 5935.4 0.0 
(1) Calculations are done by subtracting the present 
reading from the previous reading. Then all House 
Readings are subtracted from the House In reading to 
obtain the Septic Amount. Irrigation refers to amount of 
water irrigated over the drainfield areas, so the figure 
includes irrigation originating from the house source in 
the vicinity of the drainfield as well as from the North 
Ditch as measured by water meter. 
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